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CHAPTER 1 
INTRODUCTION 
Few issues have received more attention from institutions of higher education than 
student retention. Despite a 70-year history of research on the subject (Braxton, 2000), 54% 
of students earn a degree within six years (Choy, 2002). Tinto (1987) identified four 
significant factors negatively impacting student retention: (1) isolation on campus; (2) 
adjustment difficulties to a new environment; (3) inability to link the knowledge received in 
course lectures to prior knowledge; and (4) academic difficulty in the college learning 
environment. Finding ways to help students overcome these barriers is an important goal for 
all postsecondary institutions as retention accounts for 75% of an institution's enrollment and 
tuition revenues (Dennis, 1998). 
Retention is not just the concern of institutional leaders. Policymakers and the public 
also are concerned and use institutional retention rates as an indicator of institutional quality 
(Astin, 1997). While some may argue student achievement rather than retention is the 
primary goal of an institution, "the success of an institution and the success of its students are 
inseparable" (Levitz, Noel, & Richter, 1999, p. 31). As a result, statisticians and institutional 
researchers analyze numbers to measure student progress as student affairs practitioners 
design programmatic interventions and attend numerous conferences to look for ways to help 
diverse groups of learners stay in college and earn a degree. This study analyzed one such 
approach for enhancing student retention, a Supplemental Instruction (SI) program at a 
Midwestern Doctoral Extensive Institution, with regard to its effectiveness in helping 
students overcome the multiple factors that impede retention and degree attainment 
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Background of the Study 
In an era of accountability, budget shortfalls, and competition to recruit students, 
institutions of higher education have implemented a variety of retention initiatives with the 
goal of increasing student success and retention, including: extended orientation programs, 
first-year experience courses, intensive academic advising, learning skills courses, learning 
communities, and a multitude of other types of academic support programs (Astin, 1993; 
Boylan, 1988; Braxton, 2000; Center for Supplemental Instruction, 2000; Johnston & 
Johnston, 1989; Light, 1990; Maxwell, 1979; Pascarella & Terenzini, 1991; Tinto,1993; 
UpcraA & Gardner, 1989). One such academic support program that has been implemented 
by over 800 institutions worldwide is called Supplemental Instruction (SI). 
/ficfo/y of 62 
Developed by Dr. Deanna Martin at the University of Missouri-Kansas City (UMKC) 
in 1973, SI is a theoretically-grounded collaborative learning approach using trained 
undergraduate students to facilitate regularly scheduled study sessions to enhance student 
performance and retention (Widmar, 1994). The goals of SI include improving students' 
grades in traditionally difficult courses, increasing student retention rates, helping students 
develop study strategies to assist them in future coursework, and increasing graduation rates 
(Behrman, Dark, & Paul, 1984; Martin, Blanc, & DeBuhr, 1983; Peters, 1990; Prather, 1983; 
Wolfe, 1987). 
The SI model is unique from other forms of academic support programs for a number 
of reasons. First, SI targets difficult courses rather than high-risk students. This voluntary 
program is not viewed as remedial, as it is open to all students enrolled in the targeted course. 
A peer student leader, called a SI Leader, is hired and trained to facilitate regularly scheduled 
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study sessions to assist students with course content and study skills. This student attends 
lecture regularly and plans two 90-minute structured review sessions. SI begins the first week 
of classes and does not wait for students to be referred or self-refer for assistance. The SI 
Leader does not re-lecture to the students, but rather utilizes collaborative learning strategies 
to assist students with both "process and content" (Martin, Arendale & Assoc., 1993). This 
intentional integration of study skills instruction with the content of the academic discipline 
facilitated by a peer using collaborative learning methods is the cornerstone of the SI model. 
Overview of research 
The majority of research on SI has stemmed from work at the International Center for 
SI at the UMKC. In 1983, Blanc, DeBuhr, and Martin, reported on a landmark study of the 
impact of SI for students at the UMKC. They studied 746 students enrolled during the Spring 
1980 semester in seven high-risk arts and sciences courses offered in four academic 
departments including: biology, chemistry, economics, and history. Examining the effects on 
performance and attrition, researchers found significant differences between SI and non-SI 
participants. Specifically, SI participants earned higher average final course grades, and 
fewer grades of D or F and course withdrawals than non-participants while controlling for 
students' prior academic achievement. In addition, these students were tracked for two 
additional semesters and SI participants were found to have re-enrolled at higher rates than 
non-SI participants. Specifically, SI participant retention was 10% higher than for the non-SI 
participant group. Finally, researchers controlled for motivation and still found significant 
differences between SI participants and the motivational control group in terms of course 
grades and withdrawals for the SI participants. The UMKC has continued to replicate this 
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research study since the aforementioned pilot study in the 1980s and has found consistent 
results each semester (Center for Supplemental Instruction, 2000). 
In 1981, the U.S. Department of Education designated SI an Exemplary Education 
Program, predicated on the Ending that SI is one of the few academic support programs that 
improves student academic achievement and retention. The SI program was recertified in 
1985 and 1992 (Martin & Arendale, 1992). The U.S. Department of Education validated the 
following claims of effectiveness for the SI program based on research conducted by the 
Center for Supplemental Instruction at the UMKC: 
1. Students participating in SI within the targeted historically difficult courses 
earn higher mean final course grades than students who do not participate in 
SI. This is still true when controlling for differences in ethnicity and prior 
academic achievement. 
2. SI participants withdraw from classes at a lower rate and receive a lower 
percentage ofD or F final grades than do students who do not participate in 
SI. 
3. Students participating in SI persist at the institution at higher rates than non-SI 
participants (Center for SI, 2000, p. 4). 
SI research across the country at a variety of institutions (public and private; four-
year and two-year) has documented the success of SI in a variety of disciplines. Burmeister 
(1994a, 1994b), Kenney and Kallison (1994), and Kenney (1989) found SI to be effective in 
college-level mathematics courses. Gattis, (2002), Jarvi (1998), Lundeberg and Moch (1995), 
Lundeberg (1990), Lockie and Van Lanen (1994), and Pryor (1990) reported success with SI 
in science courses including biology, chemistry, and physics. In 1997 Romoser, Rich, 
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Willifbrd, and Kousaleous, reported a study of students attending math and science courses at 
Ohio University from Fall 1993 to Spring 1995. Consistent with the Endings of the 
aforementioned studies, results irom this study indicated, with gender and aptitude 
controlled, that students who attended SI earned higher Gnal course grades, and that higher 
levels of participation were equated with higher final grades than was infrequent attendance. 
Overall, "poor performance, early withdrawal, and failure rates were lower among SI 
attenders than among non-attenders for most courses in which SI was offered" (p. 37). 
Hensen and Shelley (2003) examined whether there was a difference between SI 
participants' and non-SI participants' final course grades in entry-level biology, chemistry, 
mathematics, and physics courses, while controlling for students' pre-entry characteristics 
based on students' ACT composite scores. SI participants were found to have received 
statistically higher final course grades than non-participants regardless of having lower pre-
entry characteristics than non-participants. The study failed to support past hypotheses and 
contentions by faculty that SI participants earned higher course grades solely because higher 
ability students participated in the program (Arendale, 2000; Hensen & Shelley, 2003). 
Additional research is needed to determine if SI participants are retained at the 
institution at higher rates than are non-participants, and to identify those predictor variables 
that contribute to students' retention. Answers to these issues can help institutional leaders 
and policy makers understand how and if SI is effective at helping a diverse group of learners 
overcome multiple barriers that impede retention and degree attainment. If shown to do so, 
the Endings could replicate the Department of Education's contention that SI is a cost 
effective program (Center for Supplemental Instruction, 2000, p. 4), hence encouraging 
institutions to implement SI programs or increase funding for existing SI programs. 
6 
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The researcher for this study served as an SI Coordinator at Iowa State University for 
six years and participated in two training certifications at the Center for SI at the UMKC: SI 
Supervisor Training, and Advanced SI Research Certification. The researcher was also a 
presenter at the International SI Conference in Boston, MA, in 2004. 
Purpose and Research Questions 
Stemming from the study conducted at Iowa State University by Hensen and Shelley 
(2003), this study tracked, over a five-year period, students who were enrolled in entry-level 
biology, chemistry, mathematics, or physics courses in the fall 1999 semester to determine if 
they were retained at Iowa State University. Specifically, the purpose of this study is to 
address the following research questions: 
1. Does participation in an SI program in entry-level biology, chemistry, mathematics, 
or physics courses help predict if students will be retained at Iowa State University? 
2. Which predictor variables (demographic, achievement and level of SI participation) 
help increase the likelihood that a student will be retained at Iowa State University? 
Rationale 
There is an abundance of research demonstrating that SI participants earn higher 
grades and withdraw at lower rates than do non-participants from a variety of academic 
disciplines at a variety of different types of institutions (private, public, four-year, two-year, 
law and medical schools) while controlling for background characteristics. Little research, 
however, has been conducted outside of UMKC regarding the longitudinal retention rates of 
SI participants. As a consequence, other institutions have questioned the generalizability of 
these studies to their institutional types and academic disciplines supported by SI. For 
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example, Iowa State University, as a public, Doctoral Extensive institution with an SI 
program focusing on science and math courses, has been reluctant to draw conclusions about 
the likelihood of the SI program at ISU to retain students based on the work at the UMKC, an 
urban, commuter institution with an SI program focusing primarily on humanities, social 
sciences, math, and science courses. 
In addition, institutions spend millions of dollars to recruit and retain students using a 
wide variety of approaches, but have conducted little research about which programs, like SI, 
impact student retention (Peltier et al., 1999). In a recent study conducted by ACT, fewer 
than half (47%) of all college officials responding to a survey indicated their institutions have 
a goal to improve retention for Erst year students. As a consequence, there is a critical need 
for additional research to analyze and identify academic support programs, like SI, with 
regard to their effectiveness in helping a diverse group of learners overcome the multiple 
barriers that impede degree attainment in these institutions. This is particularly relevant and 
timely for institutions dealing with declining budgets and the need to determine the best 
allocation of resources. 
Student retention is important at institutions of higher education for two reasons. 
First, retention is an important measure of institutional quality and success (Burke, 1998). 
Second, it is more cost-efficient for institutions to retain the students they have than to recruit 
new ones (Bowen, 1981). Specific to Iowa State University, this study is timely because 
institutional leaders are looking for strategies to improve the six-year cohort graduation rate 
established by President Gregory Geoffrey and the institutional strategic plan. Given the 
institution's declining enrollment, census projections that high school enrollment is declining 
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in the state of Iowa, and reductions in state appropriations, the institution is forced to retain 
students rather than rely on its ability to recruit new students (Geof&ey, 2004). 
Theoretical Framework 
The foundation and theoretical framework for SI is based on student development 
theory, cognitive development models, learning collaboration methods, and retention 
research. Traditional perspectives on cognitive development (Dale, 1969; Perry, 1968; 
Piaget, 1950) and more recent research on student development and retention (Astin, 1987, 
1993; Pascarella & Terenzini, 1991; Tinto, 1993; UpcraA & Gardner, 1989) support the 
framework for the SI model originally anchored by Dr. Robert Blanc using the work of 
Piaget, Vygotsky, Dale, Tinto, Weinstein, and Keimig. Collaborative learning in the form of 
peer group study sessions is another important aspect of the SI model (Johnston & Johnston, 
1989; Light 1990). 
Chapter 2 outlines the theoretical framework for this study in five sections. The first 
section provides a discussion of major retention research stemming from Tinto's academic 
and social integration model. The second section describes the justification for the inclusion 
of the demographic and achievement independent variables in the study. The third section 
includes a brief history of academic support programs and traditional programmatic 
approaches to assisting students with study skills and course content. The fourth section 
provides a detailed discussion of the theoretical framework for SI and the final section 
describes relevant SI research studies pertaining to student retention and the success of SI 
participants. 
Based on this framework, the researcher expects the SI program at ISU to enhance 
students' retention, particularly from the first to second year. The SI model was designed and 
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grounded using a solid theoretical framework consistent with best practices and research to 
help students overcome factors associated with student attrition. Hensen and Shelley (2003) 
found statistically significant differences between SI participants' and non-SI participants' 
final course grades in biology, chemistry, mathematics, and physics courses, which are a 
significant factor in students' retention from the first to the second year. 
Methodology 
This study is a statistical analysis using chi-square statistics, based on two-way 
contingency tables, and logistic regression to determine whether participation in SI helps 
predict student retention at Iowa State University, and further, determine what demographic, 
achievement, and level of SI participation variables contribute to students' retention. The chi-
square distribution is a nonparametric test used to determine whether there is any association 
between distributions of two categorical variables (SI participants and non-SI participants, 
and student retention) (Hinkle, Wiersma, & Jurs, 1998). 
According to Dey and Astin (1993), logistic regression was first used in retention 
research by Tinto in 1975 and has continued to be the predominant methodology to study 
student retention because of the categorical nature of retention as a dependent variable. An 
objectivist epistemology coupled with a post-positivist theoretical perspective was used to 
examine the aforementioned research questions using a quantitative experimental research 
design. The next section provides a brief overview of the procedures for variable selection, 
data collection, and data analysis. Additional information about the methodological 
framework is included in Chapter 3. 
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The sample for this study consisted of3,286 students enrolled in entry-level biology, 
chemistry, mathematics, or physics courses offering SI during the fall1999-2000 academic 
year. The variables included in this study were selected based on the extensive literature 
review presented in Chapter 2, to understand further which predictor variables (achievement, 
demographic, and level of SI participation) help predict whether students will be retained at 
Iowa State University. The dependent variable for all analyses was the dichotomous variable 
of student retention, which measured whether a student returned for the next consecutive year 
of college (fall to fall semester) based on enrollment on the 10^ day of classes (0 = not 
retained; 1 = retained). 
The 13 independent variables in the study were divided into 3 categories— 
demographic, achievement, and level of SI participation—for ease of description and 
analysis. The demographic variables included: gender (GENDER), ethnicity (ETHNIC), 
citizenship (CITIZEN), Pell Grant eligibility (PELL), learning community participation (LC) 
and first generation status (FIRSTGEN). The achievement variables include: high school 
rank (HSRANK); ACT composite score (ACT); the number ofhigh school semesters of 
calculus (HSCALC), chemistry (HSCHEM), and physics (HSPHY); and the number of 
transfer credits earned (TRANS). Finally, the level of SI participation variables included 
(TAT) the number of SI sessions a student attended and an additional variable, (SIPART), 
was a categorical variable used in the Chi-square analysis to classify students as SI 
participants or non-SI participants. For the purposes of this study, SI participants were 
defined as having attended 2 or more SI sessions. A detailed definition of each variable, the 
variable type, and scale of measurement is included in Appendix A. 
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Dafa cofZecfzo/z 
Following approval of this study 6om the Institutional Review Board and the 
researcher's program of study committee, a request for the aforementioned demographic and 
achievement variables was sent to Iowa State University's Registrar and Financial Aid 
Offices. Data for the level of SI participation variables was collected during the fall 1999 
semester from attendance sheets submitted from SI Leaders at each SI session. The total 
number of SI sessions attended by each individual student (TAT) was recorded, and an 
additional variable, SI participation (SIPART) was created. Any student who did not attend 
any SI sessions or who attended 1 SI session was coded 0 and any student who participated 
in 2 or more SI sessions was coded 1. 
Dafa aHa/yai? 
Descriptive and inferential statistics were used to examine differences and to make 
inferences in this quantitative research analysis. Separate analyses for each academic 
discipline were conducted using The Aafwfica/ factagef&e &iciaZ Sciences (SPSS) 
version 11.5 because of the desire to report findings by discipline and a significant number of 
students (35%) were enrolled in a biology, chemistry, math, or physics courses 
simultaneously. This study did not address the impact of students who attend SI for various 
courses during the same semester. 
Before addressing the two research questions in this study, the researcher conducted 
data screening techniques to identify missing data and outliers in the study. Eight students 
were found to be enrolled in more than one course within an academic discipline, for 
example, math 142 and math 165. In those cases, the lower level course (math 142) was 
deleted from the study to ensure duplicate student information did not interfere with the 
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outcome of the study. Deceased students were also removed from the study. Additional 
information about these procedures is included in Chapter 3. 
Descriptive statistics were presented to address measures of central tendency and 
variability in the sample demographics by presenting frequencies, means, and standard 
deviations for the entire population and subgroups of SI participants and non-SI participants 
for each academic discipline. This was designed to provide the reader with a thorough 
understanding of the data under consideration, specifically how the SI and non-SI 
participation groups vary before inferential statistics are presented. 
.Research Qw&sfzoM #7: Does /%zr?zczpafzo% z% on 57program zm gnAy-ZeveZ 6zoZogy, 
cAemisffy, mafAernafic?, or j?Ayszc? cowrsas Aafp zfjfzwZen# wzZZ rgfaz/zg^ af Tbwa 
Aafg Unzygr^zfy? Chi-square analysis, based on two-way contingency tables, was used to 
determine whether participation in SI helps to predict student retention at Iowa State 
University for each academic discipline (biology, chemistry, mathematics, and physics) from 
Fall semester to Fall semester based on the 10^ day of class enrollment over a five-year 
period. 
jR&rearcA Qw&sfzo» #2/ PF%zc/z /wWzcfor vgrzaM&s (acAzevemeMf, demograpAzc, aw/ 
ZeveZ of 57partzczpa^zom) AeZp /?ra#cf wAefAer a wzZZ rgfaznegZ af Tbwa 
LWverazfy? The researcher used logistic regression to regress the dichotomous response 
variable, retention, on twelve predictor variables in this study. Specifically, this study used 
SPSS to conduct backward stepwise logistic regression procedures in an attempt to "build a 
more parsimonious and perhaps more accurate model" than would be available by 
investigating all variables simultaneously (Shelley, 1999, p. 443). 
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Chapter 3 contains specific details about the background of the study, including an 
institutional description, overview of SI course selection process, and program procedures. 
The chapter also includes detailed information about the design issues including sample 
section and more information about the variables included in the study. Data collection and 
analysis procedures are described in detail, including specific information about the 
backward stepwise logistic regression technique and a discussion about how to interpret 
SPSS output for the study. Finally, Chapter 3 concludes with a discussion of the 
methodological limitations relevant to this study. 
Significance of the Study 
The significance of this study is fourfold. First, it seeks to add to the existing 
literature on retention and SI. Second, it intends to elaborate on the Hensen and Shelley 
(2003) study by providing valuable information to Iowa State University and other 
institutions with SI programs or those looking to implement such a program about the ability 
of SI to help predict student retention and the specific predictor variables that might help 
predict whether a student would be retained. Third, it suggests a model for evaluating SI 
programs or other academic support programs. Finally, this study will provide a model for 
other institutions that have yet to determine if SI helps retain students at their institution. If 
this study is found to substantiate the research findings at the UMKC, the findings may be 
used to inform institutional leaders, policymakers, and the public about how SI can help 
retain students and encourage the expansion of SI programs to meet the needs of additional 
students. 
14 
General Limitations 
This study was designed to determine if students who participate in SI for entry-level 
biology, chemistry, mathematics, and physics courses at ISU were more likely to be retained, 
and to identify the variables that increase the likelihood that students will graduate or be 
retained. Results may not be replicable or generalizable at other institutions because this is a 
single institution analysis at a large, public, Midwestern research university and the results 
may not be applicable for other institutional types. This study examined only entry-level 
biology, chemistry, mathematics, and physics courses. It does not propose to suggest that the 
findings may be applicable to SI programs focusing on different academic disciplines. 
Another limitation is that data describing students' perception of the quality of the SI leader 
is not presented in this study and this study does not intend to discuss the impact of the leader 
on the success of SI. Finally, a major limitation of this study is that data are not available to 
track students over a six-year period; most models track students' retention and graduation 
over six years. This study examined students' retention after five years, and additional 
research will be needed to determine whether or not students graduate or are retained 
following that time. 
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Definitions 
The following definitions were used for the purposes of this study: 
v4#rzfzo%.' Attrition is measure of the number of students who choose to leave an institution 
or who are failed to be retained at an institution of higher education before they graduate. 
CoZZa6orafzve Zeammg.- Engaging with others to study and learn material using a variety of 
approaches designed to promote critical thinking and learning in an informal or formal group 
setting (Johnston, Johnston, & Smith, 1998). 
Cowrse. The International Center for SI uses the terminology 
"historically difficult course" to describe an academic course in which 30% or more of 
students received less than a "C-" final course grade or choose to withdraw from the course. 
TVom-ST Pwfzczpa/zf; ^4 Student who was enrolled in a course offering SI, who chose only to 
attend 1 SI session for an individual course or who choose not to participate in the program. 
leafTzzMg Commzwzzfy: "Learning communities" is a phrase used to describe "a variety of 
approaches that link or cluster courses during a given term", often around an interdisciplinary 
theme that enroll a common cohort of students. This represents an intentional restructuring of 
students' time, credit, and learning experiences to build community, and to foster more 
explicit connections among students, among students and their teachers, and among 
disciplines (Matthews, Smith, MacGregor & Gabelnick, 1997). Iowa State University's 
Learning Community Advisory Committee defines a learning community as an intentional 
effort to create an "integrated and connected curricular learning experience" for students. 
(Brooke & Gruenewald, 2003). Learning communities may be organized by academic major, 
specific topic or co-curricular interests and may include a residential component or common 
course schedule. Many learning communities offer peer mentors, service learning, 
community service, study groups, and social activities designed to help students "develop a 
sense of belonging in the university community, experience higher academic achievement, 
improve critical thinking and collaborative problem solving skills." During the fall 1999 
semester, 1,628 (40% of entering class) first-year students participated in thirty-six learning 
communities (Epperson, 2000). 
Persirfence. Persistence is the measure of a student's individual academic performance 
toward achieving an academic goal (Levitz et al., 1999). In contrast, retention is a measure of 
institutional success in keeping students enrolled in the institution and potentially making 
progress toward graduation. Although the terms are interrelated, this study focuses on the 
institutional measure of retention and very little attention will be given to student persistence. 
.RgfemAo». Many terms, such as persistence, are used synonymously with retention in 
contemporary literature. For the purpose of this study, retention will be defined as 
reenrollment at Iowa State University from one consecutive year to the next (Fall semester to 
Fall semester) by the 10^ day of classes. No distinction will be made between "stop-outs" or 
students' decisions or rationale for choosing to leave an institution (Tinto, 1987). A student 
who graduates will also be included in the retained group since both retention and graduation 
are positive outcomes for the institution. 
SwppZe/MenAzZ Tnafrwcfzon (37); SI is a non-remedial, academic support program originating 
from the UMKC utilizing peer-facilitated study sessions to assist students with course 
content and study strategies for traditionally difficult courses. The SI sessions are regularly 
scheduled and are facilitated by an SI Leader, a trained undergraduate student who does not 
re-lecture, but rather facilitates interactive, collaborative strategies to assist students. 
57 leader. An undergraduate student who is hired to facilitate SI sessions based on her or 
his knowledge of the subject matter, ability to facilitate large groups (strong oral and 
interpersonal communication skills), and faculty recommendations. Applicants submit a 
detailed application and a minimum of two faculty references, and participate in an 
interactive interview process. Once hired, SI Leaders attend the course lecture with the 
students, meet with the faculty member as needed, attend 20 hours of training over the course 
of the semester, and facilitate two 90-minute study sessions to assist students with course 
content and study strategies. SI Leaders are paid a stipend for 10 hours of work per week. 
57 ParfzczpaMf; Student enrolled in a course offering SI who chose to attend 2 or more SI 
sessions during the semester. Anyone who attended 1 or no SI sessions was deûned as a non-
SI participant in this study. 
57 5&SMOMJ.' Two 90-minute, interactive study sessions targeting course content and study 
strategies for a traditionally difGcult academic course. The SI sessions begin the second week 
of the semester and run until final exams. 
5Yqp-owf." Tinto (1987) defined a "stop-out" as a student who leaves the institution for a 
specific reason and returns at a later period. Examples might include a student who leaves for 
personal, work, or other reasons. Many institutions require students who student-teach, study 
abroad, or participate in coop or internship experiences to pay tuition. These examples would 
not be considered a "stop-out" because students are enrolled and receiving academic credit. 
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Delimitations and Assumptions 
This study examined if SI participation in entry-level biology, chemistry, 
mathematics, or physics courses increase students' retention at Iowa State University and 
which demographic (gender, ethnicity, residency, citizenship, Pell Grant eligibility, learning 
community participation and first generation status), achievement (high school rank, ACT 
composite score, semesters of high school calculus, chemistry and physics completed, and 
transfer credits earned) and level of SI participation (number of SI sessions attended) 
predictor variables help to increase the likelihood that students will be retained at Iowa State 
University. 
Countless other variables have been examined in retention research (e.g., high school 
grade point average, peer interaction, engagement outside of class, and collegiate 
experiences) but will not be examined in this study due to lack of availability and/or because 
they are outside the scope of this study. Chapter 2 provides a rationale for why each variable 
was included, Chapter 3 provides more information about the methodology, and Appendix A 
contains a definition of each variable used in the study. 
Finally, this study does not propose to address students' decisions to persist from one 
year to the next or suggest why students decided to leave or "stop-out" from the institution 
(Tinto, 1987). This study focuses on the institutional need to retain students and the 
underlying assumption that student retention is positive as it affects the institution's 
reputation and financial bottom-line. 
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Organization of the Study 
The remainder of this study is organized to explore the relationship between SI 
participation and student retention at a doctoral extensive institution. Chapter 2 provides a 
discussion of relevant retention studies and literature, justification for the inclusion of 
independent variables in the study, an overview of academic support programs, and a 
description of the SI program, including the program's history, the theoretical framework for 
the study, a detailed overview of the SI program, and a review of relevant SI research. 
Chapter 3 describes the research design employed in this study, including background 
information about the sample and data collection procedures, methods, data analysis 
procedures, and methodological limitations of the study. 
Chapter 4 presents the research findings for the study organized by academic 
discipline in three main sections. The first section presents descriptive statistics to address 
measures of central tendency and variability in the sample demographics by summarizing 
frequencies, means, and standard deviations for SI participants and non-SI participants for 
each academic discipline. The final two sections, organized by academic year, summarize the 
findings for research questions in this study. Chapter 5 concludes with a summary of the 
study, discussion of the findings, implications for practice, limitations of the study and 
recommendations for future research. 
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CHAPTER! 
LITERATURE REVIEW 
This chapter provides a review of literature that lays a foundation for this research 
study. To understand fully the impact of Supplemental Instruction (SI) on student retention, 
the first section of this paper describes various perspectives of student retention stemming 
from Vincent Tinto's Academic and Social Integration Model and reviews related retention 
research. Tinto's model is important in this study because it was one of the theoretical 
frameworks guiding the development of the SI program, as will be discussed in the third 
section of this chapter, and it is also an important theoretical perspective guiding the 
methodological design of this study. The second section provides a justification for the 
inclusion of the demographic and achievement independent variables in this study. 
An overview of the history and description of academic support programs similar to 
SI is discussed in the third section of this chapter. Postsecondary institutions across the 
country traditionally have offered developmental education and academic support programs 
analogous to SI to help diverse groups of learners find success in college. The historical 
overview discussed in this chapter provides a context for the creation of SI in 1973 at the 
University Missouri-Kansas City (UMKC). 
The fourth section of this chapter is a detailed overview of the SI program, including 
the impetus for development and point of departure from traditional academic support 
models. A comprehensive description is included of the SI program, including aspects that 
make the program unique, key personnel and their roles, training for faculty and SI Leaders, 
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and SI session activities. The section concludes with an overview of the theoretical 
framework originally anchored by Dr. Robert Blanc. 
The final section of this chapter provides an overview of relevant SI research studies 
pertaining to student retention and the success of SI participants. Arendale (2000) reported 
there are more than 450 citations in the professional literature concerning SI in the U.S. and 
abroad. This research review will examine only those studies pertaining to biology, 
chemistry, mathematics, and physics disciplines or those studies examining student retention 
at institutions of higher education in the United States. 
Student Retention Research 
Like much of the rest of American education, the nation's colleges and universities 
appear to live by an unconscious educational rule of thumb that their function is to 
weed out, not to cultivate, students for whom they have accepted responsibility. An 
unacceptably high percentage of students leaks out of the system at each juncture in 
the education pipeline. This hemorrhaging of our human resources occurs despite the 
low standards prevalent in American education and the existence of a wide diversity 
of institutions offering many options for students. It is almost as though educators 
take failure for granted. (Wingspread Group on Higher Education, 1993, p. 1) 
Higher education has been studying student retention for over 70 years (Braxton, 
2000). Perhaps the longevity of this interest can be attributed to the fact that only one in six 
students earn a bachelor's degree in four years and "the national freshman to sophomore 
dropout rate is almost 30%" (Dennis, 1998, p. 77). According to ACT (2001), the percentage 
of freshmen at four-year institutions returning for a second year in 1987 was 74.2%, and in 
2000 was still 74.2% despite significant changes in student demographics. Today's U.S. 
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undergraduate students enrolled at four-year colleges and universities are increasingly 
diverse, with only one in six between the ages of 18-24 years old, attending college full-time, 
and living on campus (Levine & Cureton, 1998). In addition, 55% are women, 30% are 
ethnic minorities, 20% were bom outside the U.S. or have a foreign-bom parent, and 75% 
work while attending college, with 25% of that group working full-time (Choy, 2002). 
Why should institutions of higher education care about retention? Retaining students 
is big business. Retention accounts for 75% of an institution's population and tuition 
revenues (Dennis, 1998). In addition, Dennis (1998) reports the fiscal problems of many 
schools could be alleviated by retaining students rather than recruiting new ones. "High 
institutional rates of first-year departure negatively impact the enrollments, budgets, and 
public perception of many colleges and universities (Braxton, 2001, p. 1). The following 
section summarizes prevalent student retention models and relevant research supporting the 
inclusion of the independent academic achievement and demographic variables in this study. 
Azwfenf .RgfemfzoM Mode/.? 
Models addressing student retention have been evolving over the years (Astin, 1975; 
Bean & Eaton, 2001; Braxton, 2000; Spady, 1970; Tinto, 1987,1993). Early theories stressed 
psychological reasons such as personality traits to assess why a student was unable to adjust 
to the college environment (Burmeister, 1994b). When personality traits could not be 
attributed to all dropouts, theorists started considering the individual in relation to 
institutional characteristics (Braxton, 2000). While there are many theories, the most 
influential and commonly used foundation models of higher education retention are Tinto's 
Academic and Social Integration Model and Astin's Involvement Model. More contemporary 
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contributions to these paradigms, stemming from the work of Bean, and Eaton and Braxton, 
also will be presented in this section. 
Asfzrz 'a Trnvo/vgrnenr AWeA Astin (1975) based his theory of student involvement on 
the longitudinal studies conducted by the Cooperative Institutional Research Program (CIRP) 
with over 20,000 student participants. He proposed that retention can be explained by the 
level of student involvement or "the amount of physical and psychological energy that a 
student devotes to the academic experience" (Astin, 1984, p. 297). His theory has five 
postulates: 
1. Involvement refers to the investment of physical and psychological energy in various 
objects. The objects may be highly generalized (the student experience) or highly 
specific (preparing for a chemistry examination). 
2. Regardless of its object, involvement occurs along a continuum; that is, different 
students manifest different degrees of involvement in a given subject, and the same 
student manifests different degrees of involvement in different objects at different 
times. 
3. Involvement has both quantitative and qualitative features. The extent of a student's 
involvement in academic work, for instance, can be measured quantitatively (how 
many hours the students spends studying) and qualitatively (whether the student 
reviews and comprehends reading assignments or simply stares at the textbook and 
daydreams). 
4. The amount of student learning and personal development associated with any 
educational program is directly proportional to the quality and quantity of student 
involvement in that program. 
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5. The effectiveness of any educational policy or practice is directly related to the 
capacity of that policy or practice to increase student involvement (p. 298). 
Astin's involvement theory has evolved into a more contemporary concept of student 
engagement. Student engagement, as defined by Hu and Kuh (2001), is the "quality of efforts 
students themselves devote to educationally purposeful activities that contribute directly to 
outcomes". They further state, "student engagement is the most important factor in student 
learning and personal development in college" (p. 3). Research has found the most important 
types of student engagement activities are the amount of time students spend studying and 
interacting inside and outside of the classroom with faculty and peers (Astin, 1993; Kuh, 
Schuh, Whitt & Associates, 1991; Pascarella & Terenzini, 1991). 
TWo aW Wegrafzo/i MxfeZ. While Astin and Kuh based their 
theories on empirical Endings, Tinto was influenced by Durkheim's sociological theories. 
According to Durkheim, one of the reasons individuals commit suicide is the inability to 
become integrated into society. Tinto (1987) suggests that student attrition is analogous to 
suicide, which can be viewed as dropping out of society. Tinto's (1993) model of student 
retention described student dropout as the result of inadequate integration into the social and 
academic systems of the college. The longitudinal process begins by acknowledging that 
students come to college with certain pre-entry characteristics (academic achievement, high 
school rank, and ethnicity, for example) that help determine how a student will relate to an 
institution's social and academic systems. Tinto argues that, while these characteristics 
matter, students' departure decisions are influenced primarily by experiences that occur in 
the college environment. Additional discussion of Tinto's theory is presented in the third 
section of this chapter. 
jBea/z f jycAoZogzca/ Bean and Eaton (2001) extended Tinto's 
theory by proposing the addition of four psychological theories to enhance our understanding 
of student retention. The first, attitude-behavior theory, suggests that attitudes lead to 
intentions, which in turn lead to behaviors. Loyalty to the institution and comfort within the 
institutional setting will lead to the intention to persist, and hence will lead to the behavior of 
remaining at the institution. Second, coping-behavior theory proposes that adapting is the 
process of learning to cope in a setting, whether or not the individual "Sts in." Adjusting is 
the process of fitting in. Student who do not adjust to an institutional culture are not likely to 
stay. 
The third theory leads to the conclusion that the locus of control, or the degree to 
which students feel they are in control of the successes and failures in their lives, will dictate 
their approach to college life. Students with strong internal locus of control are more likely to 
associate studying with better grades, and will be more motivated to study hard. Students 
who have well defined goals and aspire to attain them are more likely to persist in college. 
Finally, the fourth theory, self-efficacy, suggests that how well an individual believes he or 
she can deal with a particular situation is based on past experiences. Students who believe 
they are competent in dealing with academic and social situations will gain self-confidence, 
leading to higher levels of academic and social integration, as Tinto's model suggests. Bean 
and Eaton's psychological paradigm contributed to Tinto's original model by enhancing our 
understanding of the student characteristics that contribute to student retention. 
-Brazfon's TWwcfh/g .ReviMonj fo ZWo 'a A&xW. Braxton suggests, that despite 
years of research, retention rates have not improved because of deficiencies in current 
retention models. Braxton (2000) proposes the addition of economic, organizational, 
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sociological, and psychological perspectives to contribute to the research on this complex 
subject. Specifically, he proposes that students use an economic approach, cost/benefit 
analysis, to determine whether or not to leave an institution. Knowing more about how 
students calculate and define costs and benefits can help us reduce "costs" and ensure 
students view our institutions as a "benefit." 
Second, understanding more about an institution's organizational characteristics and 
structure, Braxton suggests, can help identify barriers to success for students. Braxton further 
extends the suggestion of Bean and Eaton (2001) that understanding more about students' 
psychological traits could enhance our understanding of what distinguishes persisters from 
departers. Finally, Braxton suggests additional research from a sociological perspective is 
needed to continue to address the diverse needs of our students. The addition of these four 
theoretical perspectives should enhance Tinto's model and help institutions more accurately 
understand student retention (Braxton, 2000). 
This section provided an overview of the major retention theories that contribute to 
the theoretical foundation for this study. The next section provides a discussion justifying the 
selection and inclusion of the independent variables in this study. 
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The aforementioned theory-based retention models have established retention as a 
longitudinal process involving a number of interrelated variables. The models generally 
contain a dependent variable (retention, persistence, or attrition), interrelated variables (goal 
and institutional commitment), organizational variables (academic and social integration), 
and a variety of student background variables (ethnicity, sex, major, aptitude, class rank, and 
socioeconomic status). This study examined student retention 6om an institutional 
perspective by regressing on retention 13 independent variables: high school rank 
(HSRANK); ACT composite score (ACT); the number of high school semesters of calculus 
(HSCALC), chemistry (HSCHEM), and physics (HSPHY); the number of transfer credits 
earned (TRANS), gender (GENDER), ethnicity (ETHNIC), citizenship (CITIZEN), Pell 
Grant eligibility (PELL), learning community participation (LC), first generation status 
(FIRST), and the number of SI sessions attended (TAT). This section specifically addresses 
relevant research for the achievement and demographic independent variables addressed in 
this research study. The level of SI participation variables will be addressed in the final 
section of this chapter, which provides a summary of relevant SI research. 
Despite years of research, results are inconclusive and often contradictory about what 
contributes to student retention. Characteristics such as gender, ethnicity, high school GPA, 
and scores on college entrance exams have been analyzed frequently to determine their 
influence on student persistence (Reason, 2001). Peltier, Laden, and Matranga (1999), in a 
comprehensive review of retention research, identified a number of student background 
variables related to retention, including gender, ethnicity, socioeconomic status, high school 
grade point average, college grade point average, and interactions among these variables. 
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An abundance of research has identified cognitive variables as the leading measures 
of college success, even though these variables have provided limited information to predict 
college success accurately (Astin, 1993; Tinto, 1997; Zheng, Saunders, Shelley, & Whalen, 
2002). It is important to note that, although this study addresses variables such as GPA that 
are commonly associated with learning, this is not meant to suggest a direct connection 
between learning and retention. Tinto (1997) stated, "as for the linkage between learning and 
persistence, though learning is in general positively associated with persistence, it is not the 
case that learning guarantees persistence or that failure to learn, beyond the obvious case of 
academic failure, ensures departure" (p. 616). 
Wohlgemuth, Whalen, Sullivan, Nading, Shelley, and Wang (2004) conducted a 
regression analysis for the Fall 1996 entering class of 3,610 students at ISU. They found that 
retention rates were significantly lower for minority students and men. First generation 
students were found to have significantly lower fourth-year graduation rates, but otherwise 
had no more difficulty than other students persisting at ISU. In addition, they also found that 
ACT composite score was the most important predictor of academic success, especially in 
the early years of enrollment and for fourth-year graduation rates. 
Okun, Benin, and Brandt-Williams (1996) were able to predict correctly 83% of 
students' decisions to stay or leave an institution using students' background and academic 
characteristics. Gender was not found to influence student retention (Reason, 2001). 
Ethnicity yields mixed findings. African American, Indigenous, and Hispanic racial/ethnic 
background have been shown to be negatively correlated with student retention, while Asian-
American/Pacific Islander background frequently is positively correlated (Astin, 1997; 
Flowers, 2004; Peltier et al., 1999; White Shield, 2004). 
29 
Socioeconomic status is also a student background variable that has been found to 
contribute to student retention. As Terenzini, Cabrera, and Bemal, (2001) explained, ".. .a 
clear understanding of how Americans of underprivileged socioeconomic backgrounds 
develop aspirations to attend college, ready themselves for college work, choose among 
institutions, and enroll and persist to graduation has eluded researchers and policymakers 
alike" (p. 1). A related factor is first generation status, which has been found to be negatively 
associated with student retention and degree attainment. Students who are the first from their 
families to attend a postsecondary institution often are less likely to persist (National Center 
for Education Statistics, 2001). 
In addition to cognitive and background characteristics, some studies also have 
examined the impact of support programs available to students at institutions of higher 
education. McGinty (1989) used Tinto's academic-social integration model to examine the 
effect of four retention programs (donnitory residence, orientation, tutoring, and SI) on 
student persistence, controlling for students' pre-entry characteristics and collegiate 
experiences. McGinty found ability and past performance were stronger indicators of GPA 
than were the four retention programs. However, there was a moderate difference for those 
who participated in SI. Habley and McClanahan (2004), in a survey of over 1,000 two and 
four year institutions, found that three categories of institutional retention practices make the 
greatest contribution to student retention: first-year programs (first-year seminars and 
learning communities); academic advising; and learning support, including remedial or 
developmental coursework; learning centers, and SI. 
"Learning communities" is a phrase used to describe a variety of approaches that link 
or cluster courses during a given term, often around an interdisciplinary theme, and that 
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enroll a common cohort of students (Lenning & Ebbers, 1999; Matthews et al., 1997). This 
represents an intentional restructuring of students' time, credit, and learning experiences to 
build community and to foster more explicit connections among students, among students 
and their teachers, and among disciplines (Matthews et al., 1997). Iowa State University 
implemented a learning community program in 1995 (Brooke & Gruenewald, 1999). A 
number of research studies have been conducted at Iowa State University to determine the 
success of the program. One such learning community retention report (Doering & Nading, 
2003) found that while controlling for students' ACT composite score and high school rank, 
that participation in a learning community significantly increased first and second year 
retention and third, fourth, and fifth year retention or graduation rates. 
A/mmary 
The variables included in this study are intended to help explain whether a student 
will be retained at ISU and identify which variables help predict the likelihood that students 
will be retained at ISU. This section provided a summary of the retention research justifying 
the selection and inclusion of the independent variables in this study. The next section of this 
chapter presents the history and overview of academic support programs designed to help 
increase student retention. 
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History and Overview of Academic Support Programs 
For centuries, institutions of higher education have offered a variety of academic 
support programs to assist students. In 1889, approximately 80% of all colleges and 
universities offered some type of academic support for students; nearly 100 years later, the 
percentage was approximately the same (Boylan, 1988; Rudolph, 1990). The historical 
reasons for offering academic support programs—that students needed remedial or additional 
academic assistance to complete college-level work, students failed to meet entrance 
requirements, and students lacked the prerequisite skills to be successful—are still true today 
(Arendale, 1994; Boylan, 1988; Brubacher & Willis, 1976). In 1874, Harvard first offered 
"Freshman English" at the request of faculty members concerned about their students' level 
of writing competency; in 1907 over half of the students who matriculated at Harvard, Yale, 
Princeton, and Columbia failed to meet entrance requirements (Brubacher & Willis, 1976). 
According to the National Center for Education Statistics (2003), it is estimated that 20% of 
students who enter four-year institutions are enrolled in at least one remedial course. 
A variety of academic support programs are available to support students, including 
peer tutoring, study skills courses, remedial academic courses, and individual learning 
consultations with learning counselors or specialists. Colleges and universities have offered 
these programs to maintain or improve their admission and retention rates (Losak & Miles, 
1992). Students have needed these programs to compete in competitive academic programs 
(Blanc, DeBuhr, & Martin, 1983), to compensate for disadvantaged socioeconomic 
backgrounds (Rose, 1989), and to fill gaps from inadequate secondary school preparation 
(Losak & Miles, 1992). This section will provide a brief overview of traditional academic 
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support programs for the purpose of providing a point of comparison to understand the SI 
program that is the focus of this study. 
Peer Twformg 
Peer tutoring—students teaching other students—is not a new concept Aristotle used 
peer tutors to help students prepare for responsible citizenship in the Greek state. In 
American education, tutoring dates back to the one-room schoolhouse, when older students 
often were asked to assist younger students with their studies. Historically, tutoring was a 
privilege available to those who could afford it. As increasing numbers of low-income and 
disadvantaged students matriculated, colleges and universities made these programs available 
free of charge or for a nominal fee to help these students be successful (Maxwell, 1979). 
Today tutoring is a pervasive academic support program on most college and 
university campuses (Maxwell, 1992). Most tutorial practices follow a medical model, 
whereby an individual is identified as needing assistance based on prior academic history or 
diagnostic testing, self-referred in response to perceived symptoms, or referred by another 
professional in response to perceived symptoms (Arendale, 2000). Whether identified as a 
"high-risk" student, self-referred because of anxiety about potential failure, or referred by a 
faculty member for extra assistance, the range of success differs significantly. 
In their research on cooperative learning, Johnston and Johnston (1989) reviewed the 
literature on peer tutoring and found peer tutoring can have advantages for both the student 
being tutored and the tutor. In contrast, Maxwell (1990) found great variation between the 
success of tutoring programs and suggests that an emphasis on tutor training is essential. 
"Most professionals in higher education who are responsible for developing and 
administering peer tutoring programs recognize that simply placing two students, one of who 
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has demonstrated better academic achievement, does not guarantee that effective tutoring 
will occur" (Condravy, 1994, p. 79). Overall, tutoring programs featuring a training 
component make a more significant contribution to students' success than do programs that 
do not provide training (Boylan, Bonham, Claxton, & Bliss, 1995). 
Regardless of the success of tutoring, the focus on primarily high-risk students 
remains a significant limitation of this type of academic support program to impact student 
retention and success (Blanc et al., 1983). A significant issue is that the analysis of high 
school grades and standardized test scores, common measures for labeling a student "high 
risk," do not identify all students who will drop out of college for academic reasons (Blanc et 
al., 1983; Tinto, 1987). For this reason, the SI model was designed intentionally to be a non-
remedial program for students of all ability levels (Blanc et al., 1983). 
Awùfy Cowrses 
Another type of academic support program offered on many college and university 
campuses are study skills courses, which were developed in the early twentieth century 
(Maxwell, 1979). There are a variety of models of study skills courses that focus on 
developing and enhancing students' time management, note taking, test taking, reading, and 
writing skills. While study skills often are intertwined within first-year seminar courses and 
academic orientation courses, stand-alone study skills courses often are required or 
encouraged for students who may not be prepared academically for college-level rigor. 
"Often underprepared, educationally disadvantaged, and/or special admission 
students are required to take study skills courses to help them compete more effectively with 
their better prepared classmates" (Maxwell, 1992, p. 3). As with tutoring programs, the 
success of these programs depends on a variety of factors. A major criticism of study skills 
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courses taught in isolation was the inability of students to transfer study skills to their course 
work (Sheets & Rings, 1989). Martin, Arendale, and Associates (1993) argue that one of the 
strengths of SI is the program's intentional emphasis on both course content and study skill 
development Students at SI sessions have the opportunity to practice specific strategies and 
apply the skills directly to their coursework. 
A variety of academic support programs, including tutoring and academic skills 
courses, have existed in higher education for hundreds of years, with the goals of helping 
students be successful in college. Although peer tutoring programs and study skills courses 
provide significant academic support, retention cannot be addressed effectively by serving 
only those students who show either a predisposed learning weaknesses or learning problems 
(Commander, Stratton, Callahan, & Smith, 1996). The founders of the SI program 
acknowledged many of the limitations of tutoring and isolated academic skills courses, and 
wanted to address these issues by developing a model to provide academic support for a 
wider population. This information provided a background about academic support programs 
that can be used to discern the distinctions of the SI program to other academic support 
programs. In the following section, SI will be discussed, including its history, theoretical 
framework, and a summary of relevant SI research. 
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Supplemental Instruction (SI) 
SI, developed by Dr. Deanna Martin at the UMKC in 1973, is a theoretically-
grounded collaborative learning academic support program using trained undergraduate 
students to facilitate regularly scheduled study sessions to enhance student performance and 
retention (Widmar, 1994). The goals of SI include improving students' grades in traditionally 
difficult courses, increasing student retention rates, helping students develop study strategies 
to assist them in future coursework, and increasing graduation rates (Behrman et al., 1984; 
Martin et al., 1983; Peters, 1990; Prather, 1983; Wolfe, 1987). This section will describe the 
history of the SI program, and provide a detailed description of the SI program and a 
description of the theoretical framework. 
of 57 Program 
SI was created in response to significant changing demographics of students and a 
sudden rise in student attrition rates (Arendale, 2000). UMKC was formerly a small, private 
university (University of Kansas City) until 1963, when it was purchased by the University 
of Missouri because of financial hardship. The newly public status of the institution brought 
an influx of students with lower levels of previous academic achievement to an institution 
with faculty who had high expectations for student achievement. Attrition at the institution 
quickly increased, from 20% to 45% (Widmar, 1994). The institution was particularly 
concerned about the retention of minority students in medicine, pharmacy, and dentistry. 
Rather than turning to traditional academic support programs such as tutoring, study 
skills courses, or developmental coursework, UMKC hired a doctoral student—Deanna C. 
Martin—to develop a program to address these issues. Martin used her knowledge from 
graduate studies along with a national survey of learning center directors to identify common 
concerns with traditional approaches to helping students. According to Widmar (1994), 
Martin discovered the following concerns with traditional academic support programs: 
services were ancillary to the institution; standardized tests were insufficient to predict which 
students needed assistance; services often were provided too late to help students; students 
had neither the time nor the money to enroll in additional developmental courses; students 
displayed difficulty in transferring study strategies to the academic content courses; 
individual tutoring was expensive; students often did not seek assistance because of the fear 
of being stigmatized; and the evaluation of learning services was inadequate (pp. 4-5). 
In designing the SI program, the UMKC did not want to lower academic standards, 
inflate grades, or spend any money. In addition, administrators wanted the results to be 
measurable, the program to be cost-effective, and the faculty to support the endeavor. Faculty 
wanted a program that would complement their course lectures, not be "an extra burden," 
address student underpreparedness, develop independent learners, and have a non-remedial 
image (Arendale, 2000). 
The first SI program was test piloted in an anatomy class at the UMKC School of 
Dentistry (Arendale, 2000). Additional grant support was used to expand SI for a variety of 
additional courses in the professional schools, and SI was implemented for undergraduate 
students in a variety of courses (Martin et al., 1983). In 1981, the U.S. Department of 
Education designated SI an Exemplary Education Program, predicated on the finding that SI 
is one of the few academic support programs that improves student academic achievement 
and retention. The SI program was recertified in 1985 and 1992 (Martin & Arendale, 1992). 
The U.S. Department of Education validated the following claims of effectiveness for the SI 
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program based on research conducted by the Center for Supplemental Instruction at the 
UMKC: 
1. Students participating in SI within the targeted historically difficult courses 
earn higher mean final course grades than do students who do not participate 
in SI. This is still true controlling for differences in ethnicity and prior 
academic achievement. 
2. SI participants withdraw from classes at a lower rate and receive a lower 
percentage of D or F final grades than do students not participating in SI. 
3. Students participating in SI persist at the institution at higher rates than do 
non-SI participants. (Center for Supplemental Instruction, 2000, pp. 2-3) 
Federal funds provided through the National Diffusion Network, under the United 
States Department of Education's Officer of Educational Research and Improvement allowed 
UMKC to train faculty and staff to implement SI programs on their campuses. Active SI 
programs exist on more than "800 campuses in the U.S. and 12 countries to provide an 
enriched learning environment for students to increase mastery and understanding of content 
material from historically difficult courses" (Arendale, 2000, p. 118). 
67 Program D&scrzpfzofz 
SI is a unique academic support program using trained undergraduate students to 
facilitate regularly scheduled study sessions to enhance student performance and retention 
(Widmar, 1994). The SI model is unique from other types of academic support programs for 
a number of reasons. First, SI is offered for difficult courses, rather than specific groups of 
high-risk students. This voluntary program is not viewed as remedial, as it is open to all 
students enrolled in the targeted course. A peer student leader, called an SI Leader, is hired 
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and trained to facilitate regularly scheduled study sessions to assist students with course 
content and study skills. This student attends lecture regularly and plans two 90-minute 
structured review sessions. Finally, the SI Leader does not re-lecture to the students, but 
rather utilizes collaborative learning strategies to assist students with both "process and 
content" (Martin, Arendale, & Associates, 1993). The following sections describe the key 
personnel involved in SI programs, SI Leader and faculty training, and SI session activities 
key to the success of the program. 
The Center for SI at UMKC requires each SI program to adhere as much as possible 
to the following criteria, to call an academic support program SI: 
1. targets historically difficult courses rather than populations of students; 
2. offered to all enrolled students; 
3. provides regularly scheduled study sessions outside of class lecture or labs; 
4. models and practices the use of collaborative learning strategies to review course 
content; 
5. sessions' strategies vary according to academic discipline; 
6. sessions are voluntary and participation in them is anonymous; 
7. SI Supervisors attend SI Supervisor training by the Center for SI; 
8. SI Leaders receive extensive supervision and training; 
9. offered only in courses with faculty cooperation and support (Arendale, 2000). 
57 Program of /5Z/ 
In 1992, Iowa State University (ISU), a Doctoral Extensive institution, established an 
SI program to assist students with traditionally difficult entry-level math and science courses. 
According to the Center for SI Web site, ISU is one of 35 Doctoral Extensive institutions 
with active SI programs. "Traditionally difficult" was defined as courses in which 30% or 
more students earn D or F final course grades, or choose to withdraw from the course. The SI 
program became one of five initiatives implemented by the Academic Success Center, in the 
Dean of Students Office, to help students meet their personal and professional goals. 
Courses offering SI were selected in collaboration between the SI program 
coordinator, academic departments, and the Provost's OfGce. Due to limited funding, ISU 
established criteria to determine which courses would have SI. Courses considered for SI 
would: have 200 or more students enrolled; have 30% or more students who earned aD or F 
final course grade, or chose to withdraw from the course; be required for entry into an 
academic program or a prerequisite for subsequent coursework; provide limited assistance to 
students for the course; and have a high perception of difficulty by students as measured by 
the number of requests for assistance to faculty or at the Academic Success Center. 
The program started by offering SI for a few academic courses, including 
introductory biology, chemistry, and mathematics, and has grown to offering SI for 22 
academic courses each semester. Table 2.1 provides a summary of the number of students 
enrolled in courses offering SI, the number of students choosing to participate in SI, the 
number of SI leaders provided each year, and the mean final course grade of participants and 
non-participants. As illustrated in the table, the SI program at ISU has grown from having 16 
SI Leaders in 1993-1994 to 65 SI Leaders in 2003-2004. Consistent with national SI 
research, SI participants at ISU earn statistically significant higher final course grades than 
do non-participants. 
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Table 2.1. Iowa State University SI participation summary, 1993-2004 
Year Course enrollment Participants N (Percent) SI Leaders Final course grade 
1993-1994 1,977 SI 574 (29) 16 2.26 
Non-SI 1,403 (71) 2.01* 
Spring 1995** 1,122 SI 248 (22) 9 2.27 
Non-SI 874 (78) 2.16* 
1995-1996 3,988 SI 875 (22) 21 2.50 
Non-SI 3,113 (78) 2.11* 
1996-1997 6,596 SI 1,325 (20) 33 2.55 
Non-SI 5,271 (71) 2.31* 
1997-1998 7,432 SI 1,615 (22) 36 2.39 
Non-SI 5,817 (78) 2.23* 
1998-1999 11,964 SI 2,132 (18) 37 2.57 
Non-SI 9,832 (82) 2.26* 
1999-2000 8,768 SI 2,909 (33) 54 2.55 
Non-SI 5,859 (67) 2.11* 
2000-2001 11,786 SI 3,718 (32) 60 2.50 
Non-SI 8,070 (68) 2.29* 
2001-2002 16,832 SI 4,318 (26) 62 2.63 
Non-SI 12,514 (74) 2.39* 
2002-2003 18,147 SI 5,046 (28) 66 2.61 
Non-SI 13,101 (72) 2.31* 
2003-2004 16,388 SI 5,020 (31) 65 2.69 
Non-SI 11,368 (69) 2.41* 
*SigniGcant difference of means (F-test), p < 0.05 
**Fall 1994 data not available 
The SI logo designed at the UMKC clearly depicts four significant roles within the SI 
program. The logo, four diamonds brought together to form a larger diamond, shows the 
strong connection among the key personnel in SI: SI Coordinators, SI Leaders, faculty, and 
SI participants. 
57 Coon&Mdfofs. SI Coordinators are hired by each institution to manage the SI 
program. All SI Coordinators must attend a training workshop at the International Center for 
SI at UMKC to leam the key elements of implementing an SI program, training requirements 
for SI leaders, and tips for success based on research and best practice. SI Coordinators work 
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with academic departments to identify potential courses for SI and are responsible for 
recruiting, hiring, supervising, and training qualified students to serve as SI Leaders. In 
addition, Coordinators design recruitment programs to promote the program to students to 
ensure that students attend SI sessions. They also regularly assess the program to ensure 
program outcomes are being met, track the numbers of SI participants, and provide various 
reports to campus constituents interested in who is using SI. Most important, SI Coordinators 
regularly attend SI sessions, to provide feedback to SI Leaders and to help them enhance 
their sessions to meet students' needs. 
57 Zeadkrs. The description of SI Leaders varies from program to program. For 
example, some institutions use undergraduate students, graduate students, or a combination 
to lead SI sessions. At ISU, the site of this study, SI Leaders are undergraduate students who 
are hired to facilitate SI sessions based on academic performance in a course (they must earn 
a minimum of a B+ in the specific course they wish to facilitate), cumulative grade point 
average (must have a minimum of a 3.00, or B, cumulative grade point average), faculty 
reference verification of their content knowledge, communication style and potential for 
success in the position, willingness and ability to attend the course lecture, strong 
interpersonal skills, leadership ability, and facilitation experiences. Applicants submit a 
detailed application and a minimum of two faculty references, and participate in an 
interactive interview process. SI Leaders model good student behavior by attending all 
course lectures and taking notes in class, thereby modeling for students how to learn the 
material. Depending on faculty or departmental preferences, there is a preference for SI 
Leaders to major or minor in the academic subject for which they facilitate SI sessions. 
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Once hired, SI Leaders attend an eight-hour training session to provide them with a 
comprehensive overview of their job description and the SI model. SI Leaders introduce SI to 
the lecture they are assigned during the Erst week of class and, in collaboration with the 
course instructor, regularly promote session participation throughout the semester by 
reminding students of the session times and the benefits of attendance. They also meet with 
the faculty member as needed for clarification about course content and instructor policies. 
SI leaders attend an additional 20 hours of training over the course of the semester 
designed to assist them with student recruitment, session design, and session strategies for 
content mastery and study skill development. Additional information about the training 
components is provided in the next section. 
Leaders facilitate two-90 minute study sessions per week (28 sessions over the course 
of the semester) to assist students with course content and study strategies. SI Leaders are 
paid a competitive stipend for ten hours of work per week. The retention of Leaders is 
important to the success of the program for a number of reasons. First, returning leaders 
mentor new SI leaders and provide leadership for training and recruitment. Second, 
facilitating SI sessions is not an easy role, and skills tend to improve over time with 
experience. Finally, because the program has such a significant training program, it is 
efficient to maintain Leaders for multiple semesters. The SI program at ISU typically has a 
75% or higher retention rate of Leaders from semester to semester. 
Facw/fy. Faculty are a critical part of the SI program. As stated in the program 
guidelines, SI is offered only in courses with faculty cooperation and support. SI 
Coordinators work with academic departments and faculty to identify courses meeting the 
program criteria described previously. Faculty participate in the SI program at the level they 
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choose. Specific roles may vary, but most SI faculty meet with SI Leaders at least at the 
beginning of the semester to provide an introduction to the course requirements and 
expectations so the Leader can reinforce this with the SI participants. Most faculty meet 
regularly or as needed with SI Leaders to answer any questions they may have about the 
course content or requirements. This open communication reinforces to students that SI 
Leaders are designing SI sessions with the support and guidance of the course instructor and 
that attending will help them perform better in the course. 
Faculty support is also an essential part of helping recruit students to attend SI 
sessions. Although not documented in a formal study, many SI supervisors and leaders report 
anecdotally that SI attendance increases when faculty promote SI in the course lecture. This 
endorsement of the program not only impacts SI participation, but also assists with recruiting 
outstanding new SI Leaders who want to be mentored by faculty in the academic discipline. 
A variety of research studies have documented the impact of SI for faculty, including adding 
value to professors' lectures and assigned readings and creating opportunities for faculty 
development (Arendale, 1998). 
57 Azrficzpa»#. The final key person in the SI program is the SI Participant. SI 
Participants voluntarily attend SI sessions for assistance with course content and study skills. 
Since SI is offered in traditionally difficult courses rather than for specific populations of at-
risk students, SI Participants come from a wide variety of backgrounds and levels of 
academic achievement. National research shows that approximately 30% of students enrolled 
in courses offering SI chose to participate in the program (Martin, Arendale, & Associates, 
1993). 
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SI Coordinators receive training at the International Center for SI at UMKC, and are 
responsible for training faculty and SI Leaders about all aspects of the SI program. They are 
also responsible for training the larger community, including key college personnel such as 
academic advisers and residence hall assistants, to ensure everyone understands SI and 
correctly promotes it to students. 
Facw/fy. Since faculty support is a required component of the SI 
program, the SI Coordinator meets with all new faculty prior to offering SI for the course to 
provide an overview of the SI program and discuss how it can assist the academic department 
in attaining course outcomes. If a faculty member is not comfortable with the program or 
does not wish to offer SI for a course, SI will not be offered. If faculty support the program, 
they receive a copy of a brochure and letter with their SI Leaders' names prior to the start of 
the semester. The SI Leader meets with the faculty member immediately following new 
leader training to introduce himself or herself, answer questions, and receive information 
about the course. The SI Coordinator has regular communication with the faculty during the 
semester via phone and email to address any questions or concerns that may arise. At the end 
of the semester, a brief survey is sent to faculty to receive feedback about the program. 
Trawzwyr/br 67All SI Leaders receive a comprehensive training manual that 
provides detailed information necessary for facilitating large-group study sessions using the 
SI model. This training manual was tailored from the leader manual recommended by 
UMKC specifically to address the needs of ISU students enrolled in traditionally difficult 
math and science courses. The manual contains the following beneficial information to assist 
Leaders with facilitating and designing SI sessions: an overview of the SI model, review of 
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relevant SI research, study skills strategies, group facilitation approaches that foster active 
and collaborative learning, SI session strategies and activities, and general program 
procedures. 
New leaders attend an eight-hour training session prior to the start of classes, 
providing an overview of the theoretical framework of the SI program, learning styles, group 
facilitation skills, and general administrative procedures. In addition, all SI leaders attend 
three-hours of additional training sessions per month, to assist them with student recruitment, 
session design, and session strategies for content mastery and study skill development. 
The training sessions, similar to the SI model, are designed to be interactive, and 
allow SI Leaders to experiment with various collaborative learning activities they may 
choose to implement in their sessions. SI Coordinators, along with invited guest presenters, 
conduct training sessions incorporating a variety of learning styles, and intentionally model 
strategies proven to promote learning. A key component is the opportunity for the SI Leaders 
to ask questions of one another and share ideas and session strategies. The SI Coordinator, 
much like the Leader in SI sessions, serves as a facilitator to ensure that learning and 
interaction occur. 
Two 90-minute SI sessions are held per week to assist students with course content 
and study skills. In training, SI leaders are provided with a session plan, but are encouraged 
to adapt the plan for their specific course and participants' needs by creating informal 
quizzes, visual models, note cards, study sheets, interactive problem solving activities, and 
test prediction activities. SI sessions are designed to provide opportunities for students to 
discuss and analyze course content; clarify and enhance their understanding of what they 
read and hear; and learn to criticize, question, and seek verification of ideas. During an SI 
session, the SI Leader models various study skills such as note taking, test preparation, visual 
organizational techniques, and general learning approaches. 
SI Participants are encouraged to bring their course notes and text to SI sessions. The 
SI Leader plans sessions that encourage the active use of these materials during the session to 
help reinforce concepts covered in course lectures and reviewed independently by students. 
SI Participants are encouraged to ask questions and clarify their understanding of the material 
through discussion and problem solving. As a facilitator, the SI Leader redirects the 
participants' questions to other students rather than directly answering the questions. 
SI sessions at ISU are organized into "warm-up," "work-out," and "cool-down" 
activities. "Warm-up," or introductory, activities are designed to help students review the 
material from the previous course lecture, such as an informal quiz or sample review 
problem. Following this "warm-up," the Leader may divide the group up into dyads or small 
groups to work problems or review course concepts in a '\vork-out" activity. In a 
mathematics SI session, the Leader may ask each group to work specific problems and then 
have the group present the steps to solving the equation and the solution at the board. This 
provides both a visual and oral summary of how to work the problem. In a chemistry session, 
the SI Leader may ask each group to create a map of the major metabolic pathways. Each 
group would display its map on an overhead transparency and orally describe it to the group. 
SI Participants would be free to ask participants questions and the SI Leader also would ask 
questions to clarify important points and ensure understanding. The peer relationship 
between the students and SI Leader makes it comfortable for students to take risks. 
47 
The SI session would end with a culmination activity, or "cool down," to summarize 
the information reviewed and help participants clarify what they do not understand and need 
to review further. Informal quizzes, informal "go-arounds," and predicting test questions are 
examples of commonly used cool-down activities. SI Leaders regularly use the end of the 
session to point out upcoming due dates in the syllabus and foreshadow what will be covered 
in upcoming SI sessions. 
^Mm/Mary 
This section provided an overview of the history of SI and a detailed description of 
the SI program at ISU, including the role of key personnel, training for faculty and SI 
Leaders, and SI session activities. The next section describes the theoretical framework for 
the SI program which will further enhance the readers' understanding of SI and the 
theoretical framework for this study. 
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Theoretical Framework of SI 
The foundation and theoretical framework for SI is based on student development 
theory, cognitive development models, learning collaboration methods, and retention 
research. Traditional perspectives on cognitive development (Dale, 1969; Perry, 1968; 
Piaget, 1950) and more recent research on student development and retention (Astin, 1987, 
1993; Pascarella & Terenzini, 1991; Tinto, 1993; Upcraft & Gardner, 1989) support the 
framework for the SI model originally anchored by Dr. Robert Blanc using the work of 
Piaget, Vygotsky, Dale, Tinto, Weinstein, and Keimig. Another important theoretical 
underpinning for the SI framework is the use of group study sessions or collaborative 
learning. This section provides an overview of the theoretical framework for SI originally 
anchored by Dr. Robert Blanc (Arendale, 1994). 
Beginning in the 1920s Piaget argued that the human mind can be described best in 
terms of complex structures. From observing infants and small children, he concluded that 
cognitive development proceeds through certain stages, each involving significantly different 
cognitive schemes (Piaget, 1950). Piaget's comprehensive model of cognitive development 
has been formalized into the educational theory of constructivism, stemming from the notion 
that students must "construct" their own knowledge to be able to understand it and use it. 
Specifically, Piaget's model suggested that learning occurs when disequilibrium or 
cognitive dissonance—beliefs and prior knowledge inconsistent with reality or a new 
paradigm—exists. Learners engage in assimilation, accommodation, and/or adaptation to 
construct or alter their prior knowledge and resolve these conflicts resulting in learning. 
(Schrunk, 2000). 
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Constructivists make a clear distinction between gaining information and knowledge 
within these stages (Biais, 1988). Information, Biais suggests, is transmitted through telling, 
which perpetuates the remedial processing tendencies some students possess. In contrast, 
"gaining knowledge means gaining expertise" (p.3). SI Leaders are trained as facilitators, not 
lecturers, who provide opportunities for students to construct their own "knowledge" and not 
just review "information." 
Another prominent construct!vist was Lev S. Vygotsky, a Russian psychologist, who 
proposed a model called the Zone of Proximal Development. "This Zone is the distance 
between the actual developmental level as determined by independent problem solving and 
the level of potential development as determined through problem solving under adult 
guidance and under the direction of more capable peers" (Vygotsky, 1978, p. 86). SI 
sessions, by focusing on both course content and study strategies, are designed to help 
students move to advanced cognitive stages through practice, under the guidance of more 
experienced peers. 
SI Leaders must be sensitive to the variety of learners—students with a variety of 
learning styles, backgrounds, and cognitive levels—who attend sessions. SI Leaders are 
trained intentionally to pair more experienced or knowledgeable students with students who 
need more assistance. More knowledgeable students will enhance their understanding of the 
material by explaining it to other students. Students needing greater assistance receive an 
opportunity to ask questions, clarify their understanding, and enhance their knowledge. 
Hence, learners of all levels can enhance their knowledge and benefit from attending SI. 
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ZMe Co/ze q/"Expgrzemce 
Edgar Dale's (1969) Cone of Experience provides a visual extension of some of 
Piaget's major premises. Figure 2.1 illustrates how Dale proposes learning occurs, from 
abstract, passive activities such as lectures at the top of the cone, to concrete, hands-on 
experiences at the bottom of the cone. While the specific examples in the model may not 
represent the range of modem pedagogical practices, this paradigm is still relevant for 
illustrating how learning occurs if students have the opportunity to "see, do, and talk about 
concepts" (Martin & Arendale, 1992, p. 44). The SI model was designed intentionally to 
provide participants with a "directed experience with a purpose" (Martin & Arendale, 1992, 
p. 44). SI sessions are designed to be active opportunities for students to practice, create 
knowledge, discuss course content, and rehearse for examinations. 
Figure 2.1. Dale's Cone of Experience 
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TWo 'a AWeZ o/" .SWenf 
Tinto's (1993) model of student retention, described previously in the first section of 
this chapter and illustrated in Figure 2.2, described student drop-out as the result of 
inadequate integration into the social and academic systems of the college. The longitudinal 
process begins by acknowledging that students come to college with certain pre-entry 
characteristics (academic achievement, high school rank, and ethnicity, for example) that 
help determine how a student will relate to an institution's social and academic systems. 
Tinto argues that, while these characteristics matter, students' departure decisions are 
influenced primarily by experiences that occur in the college environment. 
Figure 2.2 illustrates Tinto's Academic/Social Integration Model (1993, p. 114.) 
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Once students arrive on campus, Tinto (2002) identified seven significant factors that 
can impact students' retention: "(1) academic difficulty; (2) adjustment difBculties; (3) 
uncertain, narrow, or new goals, (4) weak and/or external commitments, (5) financial 
inadequacies, (6) incongruence [lack of social or academic "St" for student], and (7) 
isolation." SI helps students overcome these factors by providing an opportunity for students 
to work with other students outside of class to review course content, prepare for exams, and 
discuss how the content relates to their past knowledge or other course work (Arendale, 
1993). Meeting new people can reduce isolation on campus and help students adjust to new 
learning environments (Bean & Eaton, 2001; Braxton, 2000; Levine & Cureton, 1998; Tinto, 
1987,1993). 
According to Tinto (1993), there are three principles of effective retention programs: 
commitment to student welfare, commitment to education of all students, and commitment to 
the integration of all students into the academic and social communities of an institution. SI 
embodies all three of these principles by providing voluntary assistance to all students 
enrolled in courses offering SI regardless of level of preparation. Students who participate in 
SI have reported developing friendships and meeting other students in the same discipline, 
creating a type of learning community (Behrman et al., 1984; Blanc et al., 1983). 
XeWg 'a .Hzerarc&y ofj&ga/Tzz/zg TmprovemeMf Program# 
Keimig (1983) developed a hierarchy of learning assistance programs that uses four 
levels to rank academic support programs according to their effectiveness for impacting 
students' grade point average and retention. She suggests "successful learning improvement 
programs are broadly defined as having two dimensions: comprehensiveness and 
institutionalization" (p. 3). Figure 2.3 depicts the four levels in Keimig's paradigm. 
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Figure 2.3. Keimig's Hierarchy of Learning Improvement Programs 
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Level-one academic support programs offer remedial or development support for 
students with identified academic weaknesses. According to the National Center for 
Education Statistics (2003), it is estimated that 20% of students who enter four-year 
institutions are enrolled in at least one remedial course. Keimig (1983) does not generally 
support the use of remedial courses to enhance learning. "Success in remedial course work 
does not readily transfer to traditional academic disciplines. Away from the remedial 
instructor's influence and back in the traditional academic environment, students revert to 
their old habits" (Keimig, 1983, pp. 16-17). 
Level-two academic support programs offer tutorial assistance for individual students. 
Although successful for many students, Keimig (1983) contends the weakness of these 
programs is that they often offer reactive support for students after a failure has occurred. 
Tutoring also can be sporadic because of its "drop-in" nature, and the students who need 
tutoring the most often are least inclined to use it (Maxwell, 1990). 
A level-three program, next to the highest rating, is a program that delivers course-
related academic support, but, unlike the fourth level, does not require professors to modify 
their instructional delivery style. Tinto (1997) argues one of the reasons student retention has 
not improved is because institutions have not been willing make significant changes within 
the classroom as suggested for fourth-level programs. Keimig (1983) argues that "successful 
programs are integrated into the academic and social mainstream, avoiding punitive, low-
status overtones and the 'you cure them' mentality connoted by isolation within a separate 
remedial component" (p. 15). 
SI programs offer non-remedial support for both content and study strategies to all 
students enrolled in courses. SI leaders maintain a relationship with faculty, but the program 
does not encourage course instructors to modify their pedagogical strategies as required for 
Keimig's level-four designation. However, many faculty, in response to positive feedback 
from SI participants regarding the collaborative learning methods used in SI sessions, have 
included more active and collaborative strategies in their course lectures (Arendale, 2000). 
Mefacogmfzon Cognitive PaycAo/ogy 
Dr. Claire Weinstein is the leader of an emerging area of cognitive psychology called 
metacognition. Metacognition, defined as "deliberate conscious control of cognitive activity" 
(Schrunk, 2000, p. 180), distinguishes between two types of learners: the expert and the 
novice. According to Weinstein and Stone (1996), "an expert is a self-regulated learner. Self-
regulated learning requires skill, it requires will, and it requires executive control" (pp. 3-5). 
In addition to knowing more, they further define experts as being better organized and 
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possessing the ability to integrate knowledge. Experts have more effective and efficient 
strategies for accessing and using knowledge, and have different motivations for acquiring 
and using their knowledge. They also use more self-regulation in acquiring and applying 
expertise. 
Weinstein and Stone (1996) identified four kinds of knowledge needed by expert 
learners: (1) knowledge about themselves as learners; (2) knowledge about the cognitive 
demands of the academic tasks; (3) knowledge of a wide variety of strategies and study 
skills, and (4) prior knowledge of the content material. These characteristics are consistent 
with many of the attributes of SI Leaders. The challenge of SI Supervisors is to help SI 
Leaders recognize these attributes in themselves and teach them to model these 
characteristics for SI Participants. Weinstein and Stone's research emphasizes the importance 
of having SI sessions that focus not only on course content, but also on study strategies 
necessary to move from novice to expert status. Most SI Leaders are former SI Participants 
who learned how to be "expert" learners from participating in SI sessions and want to help 
other students leam to be "expert" learners, too. 
One of the main theoretical underpinnings of the SI model is the use of collaborative 
learning strategies at SI sessions. Without collaborative learning, SI sessions would be no 
more than mini-lectures led by undergraduates. In contrast, SI sessions are opportunities for 
students to work together in pairs, small groups, and large group discussions to discuss and 
analyze course content, clarify and enhance their understanding of what they read and hear, 
and leam to criticize, question, and seek veriGcation of ideas. 
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Collaborative learning emerged as an important pedagogy in the early 1980s (Brufee, 
2000; Goodsell, Maher, & Tinto, 1992), restructuring learning from the traditional lecture to 
small-group work characterized by opportunities for students to work on complex tasks and 
build on past experiences while working in collaboration with other students (Johnston et al., 
1998). Critical of the traditional learning model, Guskin (1994) wrote "the primary learning 
environment for undergraduate students, the fairly passive lecture-discussion format where 
faculty talk and most students listen, is contrary to almost every principle of optimal settings 
for student learning. Barr and Tagg (1995) described the shift from the "instruction 
paradigm" to the "learning paradigm" as an opportunity for students to "be active discoverers 
and constructors of their own knowledge" in leam-centered environments (p. 20). 
Extensive research on collaborative learning has supported the important role it plays 
in enhancing learning inside and outside of the classroom. Tinto (1997) placed collaborative 
learning at the core of the academic and social experiences of the students and highlighted its 
role in the quality of effort the student spends in learning. He found collaborative learning 
fosters the cognitive and affective development of students regardless of gender or ethnicity. 
He later said, "asking students to share the responsibility for each other's learning teaches 
students their learning and that of their peers are inextricably intertwined and that, regardless 
of race, class, gender, or background, their academic interests are the same" (Tinto, 1998, p. 
173). 
After examining the results of a four-year longitudinal study of students at 159 four-
year institutions, Astin (1993) found that classroom pedagogical practices that promoted 
meaningful collaboration among students made a significant contribution to student 
achievement. Specifically, student learning is enhanced when students are actively involved 
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in learning and when they are placed in situations in which they have to share learning in 
some positive, connected manner. Light (1990) found when comparing students studying 
alone to those who study in groups, group study resulted in higher levels of thought and 
increased retention of information. Further, Johnston et al. (1998) found positive correlations 
between cooperative learning and achievement, personal development (interpersonal 
attraction and self-esteem), and social support. 
Cabrera, Crissman, Bemal, Nora, Terenzini, and Pascarella (2002) found in an 
explorative study that collaborative learning inside and outside of the classroom helps 
"harness the ability and motivation of students towards their personal development, 
understanding of science and technology, appreciation for art, analytical skills gain, and 
openness to diversity" (p. 29). Further, "across these Gve cognitive and affective outcomes, 
cooperative learning practices had the highest effect, well beyond those attributable to 
precollege academic ability, gender, ethnicity, parental education, and academic effort" (p. 
29). In addition, the more students are involved, academically and socially, in shared learning 
experiences that link them as learners with their peers, the more likely they are to become 
more involved in their own learning and invest the time and energy needed to leam (Tinto, 
Goodsell, & Russo, 1993). 
A variety of collaborative learning strategies are used in SI sessions, including pair 
and share (students work in pairs on a problem and share their findings with the larger group) 
and jig-saw (small groups work on a piece of a larger problem and come back together in a 
large group to report and address the larger issue). "The result is an academic community of 
students working together for mutual success—a combined academic and social community 
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which links students together and therefore affects retention at the institution" (Burmeister, 
1994a, p. 213). 
This section provided an overview of the theoretical framework for the SI program 
originally anchored by Dr. Robert Blanc. Construct!vist perspectives of Piaget (1950) and 
Vygotsky (1978) found that students must "construct" their own knowledge to be able to 
understand it and use it, and that, with guidance from instructors or peers, students move 
through stages of cognitive development. Dale (1969) expanded Piaget's work with the 
"Cone of Experience," proposing that learning is stimulated progressively from concrete 
(hands-on) experiences to abstract symbols. He proposed that learning was enhanced with 
these hands-on opportunities for students to use their Eve senses actively. 
Tinto's (1993) model of student retention was another pivotal theoretical framework 
used to create the SI model. Tinto proposed that student retention is influenced more heavily 
by experiences within the college environment than by students' previous academic and 
social experiences. Keimig's (1983) Hierarchy of Learning Improvement Programs further 
emphasized the need for programs to be geared for all learners. "Successful programs are 
integrated into the academic and social mainstream, avoiding punitive, low-status overtones 
and the 'you cure them' mentality connoted by isolation within a separate remedial 
component" (p. 15). 
Weinstein and Stone's (1996) concept of metacognition distinguishes between two 
types of learners—the expert and the novice—and emphasizes the importance of helping 
learners enhance the strategies they use to move from the novice level to expert status. 
Finally, collaborative learning emphasizes the importance of providing opportunities for 
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students to work actively with others to create knowledge, develop problem solving skills, 
and leam from one another. Extensive research was discussed illustrating the importance of 
collaborative learning for enhancing learning both inside and outside the classroom. 
The U.S. Department of Education, when it deemed SI an Exemplary Education 
Program in 1981,1985, and 1992, emphasized the success of the program was the strong 
theoretical framework predicated on research and best practices (Arendale, 2000). In her 
early research, Martin, the founder of SI, speculated that the following factors consistent with 
this theoretical framework contributed substantially to the positive effects of SI: 
1. SI is proactive rather than reactive; 
2. SI is attached directly to specific high-risk courses, rather than serving as an auxiliary 
service; 
3. The SI Leader attends the course lecture and models "expert" learner behavior; 
4. SI is not viewed as a remedial program for students because it is open to students of 
all ability levels; 
5. SI sessions are designed to provide a high degree of student interaction and mutual 
support (Blanc, DeBuhr, & Martin, 1983). 
While the original theoretical framework has remained intact since ST s inception, the 
program has been adopted by a number of different types of institutions (two-year, four-year, 
law schools, and even high schools) that have tailored it to meet their students' needs. The 
following section provides a review of relevant SI research pertaining to the research 
questions in this study. 
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Review of Relevant SI Research 
Arendale's (2000) extensive annotated bibliography of SI research reported more than 
450 citations in the professional literature concerning SI programs in the U.S. and abroad. 
This review will examine only studies pertaining to courses within the biology, chemistry, 
mathematics, and physics disciplines, or studies examining student retention at institutions of 
higher education in the United States. 
The majority of research on SI has been conducted by the International Center for SI 
at the UMKC. In 1983, Blanc et al. conducted a landmark study of the impact of SI for 
UMKC students. They studied 746 students enrolled during the spring 1980 semester in 
seven high-risk arts and sciences courses (biology, chemistry, economics, and history). 
Examining the effects; on performance and attrition, researchers found significant differences 
between SI and non-SI participants. Table 2.2 illustrates the course grade and reenrollment 
statistics of SI and non-SI participants grouped according to the top and bottom quartile on 
student entrance examinations. 
Table 2.2 Course Grade and Reenrollment Statistics at UMKC, 1983 
Percentage Group Percentage of Group Course Grades Reenrollment during 
subsequent semester 
Top Quartile 
(#= 149) 
SI 30 3.10* 86% 
Non-SI 70 2.30* 78% 
Bottom Quartile 
(#= 75) 
SI 31 1.72* 74% 
Non-SI 69 .88* 62% 
Note: Top-quartile students were those scoring in the 75-99 percentile range on entrance tests, and the bottom-quartile 
students were those scoring in the 0-25 percentile range. * Level of significance of difference < 0.05 using chi-square test. 
Specifically, SI participants earned higher average final course grades and fewer 
grades of D and F and had fewer course withdrawals than did non-participants, controlling 
for students' prior academic achievement (standardized college entrance scores and high 
school rank). In addition, these students were tracked for two additional semesters, and SI 
participants were found to have re-enrolled at higher rates than non-SI participants. SI 
participant retention was 10 percentage points higher than for the non-SI participant group. 
Finally, researchers controlled for students' motivation to participate in SI, ethnicity, 
and frequency of SI participation, and still found significant differences between SI 
participants and the motivational control group in terms of course grades and withdrawals for 
the SI participants. The UMKC has continued to replicate this research study since the 
aforementioned pilot study in the 1980s, and has found consistent results each semester 
(Center for Supplemental Instruction, 2000). Table 2.3 illustrates the reenrollment and 
graduation rates of UMKC students enrolled in SI courses from 1989 to 1996. 
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Table 2.3 Reenrollment and Graduation Rates of UMKC Students Enrolled in SI Courses 
1989 to 1996 (Center for Supplemental Instruction, 2000). 
Term SI 
Offered to 
Students 
Term 
Examined 
for SI 
Impact 
Student 
Group 
Number of 
Students 
Graduation 
Percent 
Re­
enrollment 
Percent 
Graduation + 
Re­
enrollment 
Percent 
Fall 89 Fall 90 SI 386 7.8% 65.3%* 73.1%* 
Non-SI 923 5.0% 56.7% 61.7% 
Fall 90 Fall 91 SI 529 5.9% 70.1%* 76.0%* 
Non-SI 1,162 8.1% 58.3% 66.4% 
Fall 91 Fall 92 SI 795 4.8% 70.6%* 75.4%* 
Non-SI 1,085 5.3% 63.6% 68.9% 
Fall 92 Fall 93 SI 639 8.6% 70.6%* 79.2%* 
Non-SI 1,221 8.7% 53.6% 62.3% 
Fall 93 Fall 94 SI 699 5.2% 73.4%* 78.6%* 
Non-SI 1,221 8.2% 55.3% 63.5% 
Fall 94 Fall 95 SI 604 4.3% 72.4%* 76.7%* 
Non-SI 962 5.1% 60.8% 65.9% 
Fall 95 Fall 96 SI 619 5.5% 74.5%* 80.0%* 
Non-SI 940 7.3% 58.2% 65.5% 
•Level of significance of difference p < 0.05 using chi-square test. 
A thorough review of SI research has not found studies outside of the UMKC 
specifically tracking student retention or reenrollment. However, SI research across the 
country at a variety of institutions (public and private; four-year and two-year) has 
documented the success of SI in a variety of disciplines. The remainder of the SI research 
studies presented will address outcomes for biology, chemistry, mathematics, and physics, 
and discuss independent variables relevant to this current study. 
Congos, Langsam, and Schoeps (1997) researched the effects of SI on students 
enrolled in an introductory biology course at the University of Central Florida. Results 
indicated participation in SI had a significant impact on student academic performance. 
Specifically, statistical procedures designed to test for intervening variables (SAT scores, 
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high school rank, predicted GPA) found SI participation was significant. Pryor (1990) 
examined the relationship between SI and final course grades for students enrolled in animal 
biology, plant biology, and introduction to physics at Western Michigan University. SI 
participation was significantly related to final course grade outcome even after adjusting for 
ACT composite scores. 
Lundeberg (1990) evaluated SI in chemistry courses using a mixed methods 
approach. The two-year study with 148 participants found SI contributed to higher final 
course grades and lower rates of D and F grades and withdrawals for SI participants. The 
qualitative findings identified the following six themes related to how students found SI 
helpful: (1) accommodated needs of diverse learners; (2) sessions emphasized understanding 
versus memorization; (3) depth of discussion versus breadth; (4) relationship between ability, 
knowledge, and confidence; (5) social relationships with other students; and (6) challenges to 
SI Leaders' knowledge. 
Lockie and Van Lanen (1994) conducted studies regarding SI and chemistry. In this 
study, they identified students who had attended 6 or more sessions as SI participants, in 
contrast to most other studies, which defined a participant as an individual who attends a 
minimum of one session. Their rationale was that higher levels of attendance are necessary 
because of the complexity of skills needed to understand chemistry. SI participants were 
found to earn significantly higher final course grades, and reported three themes concerning 
how SI was helpful: (1) SI provided an opportunity to work problems on the board, (2) the 
opportunity to share information, and (3) the chance to help one another. 
Kenney's (1989) study at the University of Texas of SI participants enrolled in a 
calculus course required for business and economic majors used Campbell and Stanley's 
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nonequivalent control group model to examine two lectures taught by the same course 
instructor (Campbell, Stanley, & Gage, 1966). Both classes offered a discussion group, and 
in the treatment group the SI model was followed. The control group followed a traditional 
lecture format. The class with SI earned statistically significantly higher final course grades. 
A multiple regression analysis of semester grade point average found three variables (Math 
SAT score, the number of times students attended SI, and whether or not they participated in 
SI) significant at the .05 level. Kenney and Kallison (1994) repeated the study and found 
similar results. 
Burmeister (1994a), in a study of data from 45 institutions with a total of 11,252 
students enrolled in 177 classes, found that SI participation was correlated with higher final 
course grades in college algebra, calculus, and statistics. Hodges (2001) conducted a study of 
103 conditionally enrolled students at a large southern university. Students enrolled in at least 
one course in accounting, chemistry, economics, finance, history, physics, or mathematics 
offering SI and had tutoring available for most content areas. The study found no significant 
differences for students who used tutoring, but those who used SI earned significantly higher 
final course grades than those who did not. 
Collins (1982) conducted a study at Cornell University to examine the impact of SI 
on students enrolled in entry-level biology, chemistry, mathematics, and physics courses. 
With a sample of 301 students, Collins used multiple regression to analyze two dependent 
variables—course grade and overall grade point average—and four independent variables— 
"assistance factor," SAT verbal score, SAT math score, and high school rank. "Assistance 
factor" was defined as the number of times a student attended an SI session. The results 
found, consistent with previous research, that participating in SI was significantly related to 
earning higher final course grades and achieving an overall higher grade point average. When 
SAT scores and high school rank were held constant, the "assistance factor" was predictive 
of student achievement. 
Romoser et al. (1997) conducted a study of students attending math and science 
courses at Ohio University from Fall 1993 to Spring 1995. Results indicated, with gender and 
aptitude controlled, that students who attended SI earned higher Anal course grades and that 
higher levels of participation were equated with higher final grades. Overall, "poor 
performance, early withdrawal, and failure rates were lower among SI attenders than among 
non-attenders for most courses in which SI was offered" (p. 37). 
In a similar study, Hensen and Shelley (2003) found that, regardless of having lower 
pre-entry characteristics (ACT composite score and high school rank) than non-SI 
participants, SI participants earned significantly higher final course grades and were less 
likely to withdraw from an entry-level biology, chemistry, mathematics, or physics course. 
Because this study is being used as a springboard for the proposed study, it will be discussed 
in detail. 
Hensen and Shelley first created separate databases for each academic discipline, 
using SPSS to control for grading and instructor bias. Because students could have been 
enrolled in more than one biology, chemistry, math, or physics course simultaneously, care 
was taken to remove any student enrolled in multiple courses within the same academic 
discipline. For example, a student would be removed from the study if he or she was enrolled 
in both Math 141 and Math 165 during the fall 1999 semester. 
Next, final course grades were recoded and combined to create categories consistent 
with research methodologies implemented by the International Center for SI at the UMKC— 
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(1) A and B grades, (2) C grades, (3) grades of D and F, and withdrawals—allowed grades to 
be reported as high, average, and low, respectively. A one-way analysis of variance 
(ANOVA) model with a 95% confidence level was estimated using SPSS to determine if 
mean final course grades differed between SI and non-SI participants. Follow-up pairwise 
comparisons were conducted to evaluate differences between these categories. Holm's 
sequential Bonferroni method (Green, Salkind, & Akey, 2000) was used to control for Type I 
error across the comparisons. 
A two-way contingency table analysis was conducted to provide descriptive statistics 
illustrating the final grade categories received by SI participants and non-SI participants. 
Pearson chi-square tests with a 95% confidence level were used to analyze the relationship 
between the final grade categories and the SI participant/non-SI participant variables. An 
analysis of data on final course grades found that "SI participants earned a significantly 
higher percentage of A and B grades, a significantly lower percentage of Ds, Fs, and 
withdrawals, and significantly higher mean final course grades than did non-SI participants" 
(Hensen & Shelley, 2003, p. 254). Table 2.4 illustrates the Endings in this Erst research 
question. 
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Table 2.4 Academic Achievement at ISU, 1999-2000 
Course 
Biology 
#SI 
Courses 
11 
SI Participant 
Status 
Total 2,039 
Percent 
A & B  
857 (42%) 
Percent 
C 
644(31.6%) 
Percent 
D, F,& 
Withdrawal 
538 (26.4%) 
Final 
Course 
Grade 
2.30 
SD 
1.15 
SI 929 429 (46.2%)** 338 (36.4%)** 162 (17.4%)** 2.43* 1.03 
Non-SI 1,110 428 (38.4%)** 306 (27.6%)** 376 (33.9%)** 2.18* 1.24 
Chemistry 10 Total 2,290 882 (38.5%) 751 (32.8%) 657 (28.7%) 2.29 1.05 
SI 761 342 (44.9%)** 274 (36%)** 145 (19.1%)** 2.46* 0.91 
Non-SI 1,529 540 (35.3%)** 477(31.2%)** 512 (33.5%)** 2.21* 1.11 
Math 12 Total 1,483 546 (36.8%) 372 (25.1%) 565 (38.1%) 2.16 1.25 
SI 422 182 (43.1%)** 113 (26.8%)** 127(30.1%)** 2.32* 1.11 
Non-SI 1,061 364 (343%)** 259 (24.4%)** 438 (41.3%)** 2.09* 1.29 
Physics 8 Total 1,526 500 (32.8%) 394 (25.8%) 632(41.4%) 2.05 1.23 
SI 267 101 (37.8%)** 97 (363%)** 69 (25.8%)** 2.30* 1.03 
Non-SI 1,259 399 (31.7%)** 297 (23.6%)** 563 (44.7%)** 2.00* 1.26 
* Significant difference of means (F-test) at/? < 0.05 **chi-square < 0.05. 
Second, a two-way crosstabulation analysis using Pearson chi-square analysis with a 
95% conGdence level was conducted for other pre-entry variables to analyze the relationship 
between the variables and SI participant/non-SI participant status. Holm's sequential 
Bonferroni method (Green et al., 2000) was used to control for Type I error across the 
comparisons. Tables 2.5 and 2.6 present the results for the second research question. 
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Table 2.5 Mean ACT Composite Scores for SI Participants and Non-SI Participants 
Level of SI N Mean ACT Standard 
Course Participation Deviation 
Biology* Non-SI Participant 959 24.63 4.21 
SI participant 798 23.99 3.77 
Total 1,757 24.34 4.03 
Chemistry* Non-SI Participant 1,300 25.65 4.12 
SI participant 643 25.04 3.72 
Total 1,943 25.44 4.00 
Math* Non-SI Participant 914 24.55 3.84 
SI participant 360 24.03 3.76 
Total 1,274 24.40 3.82 
Physics Non-SI Participant 1,065 25.92 3.92 
SI participant 227 25.95 3.75 
Total 1,292 25.92 3.89 
•Significant difference of means at p < 0.05. 
Table 2.6 Mean Final Course Grades of SI Participants and Non-SI Participants Controlling 
for Students' Pre-entry Characteristics 
Level of SI N Adjusted Unadjusted Standard % Variation 
Course Participation MeanGPA Mean Deviation Explained 
GPA by ACT 
Biology* Non-SI Participant 959 2.19 2.14 1.25 19% 
SI participant 798 2.45 2.49 1.03 
Total 1,757 2.31 2.32 1.16 
Chemistry* Non-SI Participant 1,300 2.21 2.18 1.10 16% 
SI participant 643 2.46 2.50 .92 
Total 1,943 2.29 2.34 1.05 
Math* Non-SI Participant 914 2.09 2.08 1.28 8.2% 
SI participant 360 2.36 2.38 1.08 
Total 1,274 1.17 2.23 1.23 
Physics* Non-SI Participant 1,065 2.00 2.00 1.26 12% 
SI participant 227 2.33 2.35 1.04 
Total 1,292 2.06 2.18 1.22 
"Significant difference of means at/? < 0.05. 
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Findings indicate that SI participants have lower pre-entry characteristics (ACT 
composite scores) than do non-SI participants, contradicting the belief of many that 
participants' higher mean final course grades can be attributed to higher-achieving students 
participating in the program (Burmeiser, 1994b; McCarthy & Smuts, 1997). Despite having 
lower ACT composite scores, SI participants in biology, chemistry, and mathematics courses 
achieved higher final course grades than did those who did not participate in SI. These 
findings rejected the notion that only students with high ACT scores participate in SI. It 
appeared that students of all levels utilized the program and were impacted by that 
participation. Finally, this study concluded that, even after controlling for students' pre-entry 
characteristics and adjusting for how many sessions SI participants attend, SI participants 
still receive significantly higher final mean course grades than do non-SI participants. 
In the June 1998 report entitled: "Powerful Partnerships: A Shared Responsibility for 
Learning," a joint task force from the American Association for Higher Education, the 
American College Personnel Association, and the National Association of Student Personnel 
Administrators recognized SI as a program that helps students make connections between 
course content and their own knowledge using pedagogies that emphasize student 
responsibility and personalized assistance for all students (Joint Task Force, 1998). This 
endorsement was based on extensive research documenting the success of SI as summarized 
in this section. 
This review of relevant SI research found SI participants earn significantly higher 
final course grades and withdraw from courses less frequently than do non-participants 
enrolled in a variety of courses, including biology, chemistry, mathematics, and physics, 
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which are the courses of focus in this study. The more sessions students attend, the higher 
their final course grades. In addition, research at the UMKC has substantiated that students' 
reenrollment from Fall-to-FaU semester re-enrollment is 10 percentage points higher for SI 
participants than for non-SI participants. The results from this proposed study potentially will 
enhance this body of research by providing additional evidence that SI promotes student 
success and retention for students enrolled in traditionally difficult biology, chemistry, 
mathematics, and physics courses. 
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Conclusion 
This chapter has provided an overview of theories of retention, justification for the 
inclusion of independent variables this study, a history and overview of academic support 
programs, and a detailed discussion of the SI program, including the history, program 
description, theoretical framework, and review of relevant SI research studies. The chapter 
began with an overview of traditional retention frameworks by Astin and Tinto and 
contemporary additions to those perspectives by Bean and Eaton and Braxton. The second 
section provided a framework for this research study by addressing why the demographic and 
achievement independent variables were included in this study. 
The third section was devoted to developing an understanding of the broader context 
of academic support programs as a means of illuminating the impetus for the development of 
SI and the unique aspects of the SI program. The fourth section gave a detailed program 
description, focusing on the key characteristics that make SI a unique program, was intended 
to enhance the readers' understanding of the program, including the role of key personnel, 
the training program, and SI session activities. The theoretical framework for SI provided an 
overview of the key elements used to design the SI program. The final section consisted of a 
review of relevant SI research which demonstrated the importance of this study and how the 
findings will contribute to the literature. Chapter 3 provides an overview of the design, 
procedures, and methods for this study. 
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CHAPTERS 
DESIGN, METHODS, AND PROCEDURES 
The preceding chapter addressed relevant retention models and research, and 
provided an overview of the Supplemental Instruction (SI) program including the history, 
theoretical framework, and relevant research. As stated in Chapter 1, the purpose of this 
study is to expand on the study conducted at Iowa State University (ISU) by Hensen and 
Shelley (2003), which determined that SI participants in entry-level biology, chemistry, 
mathematics, and physics courses earned higher final course grades than non-SI participants 
regardless their lower pre-entry characteristics. The current study tracked students over a 
five-year period who were enrolled in entry-level biology, chemistry, mathematics, and 
physics courses in the fall 1999 offering SI to see if they were retained at ISU. Specifically, 
the purpose of this study was to address the following research questions: 
1. Does participation in an SI program in entry-level biology, chemistry, mathematics, 
or physics courses help predict if students will be retained at Iowa State University? 
2. Which predictor variables (demographic, achievement, and level of SI participation) 
help increase the likelihood that a student will be retained at Iowa State University? 
This chapter is divided into four sections and describes the research design issues, methods, 
procedures, and methodological limitations relevant to this study. 
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Design Issues 
An objectivist epistemology coupled with a post-positivist theoretical perspective was 
used to examine the aforementioned research questions using a quantitative experimental 
research design. The postpositivist paradigm, stemming from the work of Comte, Mill, 
Durkheim, Newton, and Locke (Creswell, 2003), proposes that scientific inquiry is the 
primary method of attaining knowledge about phenomena. "Human knowledge is not based 
on unchallengeable rock—solid foundations—it is conjectural" (Phillips & Burbules, 2000, 
p. 26). Understandings about phenomena evolve with further investigation and research. 
Researchers test hypotheses to refine knowledge, and it is therefore critical for researchers to 
be objective and adhere to the standards of validity and reliability when designing research 
studies (Phillips & Burbules, 2000). This inquiry paradigm will be used to guide the 
formation of research questions, data analysis, and methods used to conduct this study. 
AzcAgrowW 
T/Mfzfwfz'oMa/ descrzpfzoM. This study was conducted at ISU—a large, public, land-
grant, Doctoral Extensive institution, that during in the 6111999 semester had an enrollment 
of 26,110 undergraduate and graduate students. Table 3.1 contains a description of the 1999-
2000 student profile provided by the Office of Institutional Research at ISU (2000). 
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Table 3.1. Iowa State University undergraduate student profile, 1999-2000 
Percentage of Undergraduates 
Gender 
Female 44.7 
Male 55.3 
Ethnicity 
African American 2.7 
American Indian/Alaskan 0.4 
Asian/Pacific Islander 2.5 
Hispanic 1.4 
International 4.9 
White 88.1 
Residency 
Iowa 78.2 
U.S., outside Iowa 16.9 
International 4.9 
Mean Undergraduate Scores 
First-Time Freshmen 
ACT Composite Score 24.4 
Average High School GPA 3.4 
High School Rank 91% upper 50% 
Cowrse In 1992, ISU established an SI program to assist students with 
traditionally difGcult entry-level math and science courses. "Traditionally difficult" was 
defined as courses in which 30% or more students earn a D or F, or choose to withdraw from 
the course. The SI Program Coordinator worked with academic departments and the 
Provost's OfBce to determine which courses should have SI available. The SI Coordinator 
solicited faculty approval to offer SI for each course. 
While course selection has varied since the program's inception, four academic 
disciplines—biology, chemistry, mathematics, and physics—have been offered consistently. 
For this reason, these courses are the focus of the proposed study. The courses in this study 
are primarily core program requirements and many are "service courses" taught by academic 
departments for students majoring in other departments. For example, many of the students 
enrolled in Physics 221 are majoring in Engineering, and take Physics 221 because it is a 
core requirement for the major. In addition, success in these courses is often a prerequisite 
for advanced coursework. For example, for students enrolled in the Pre-Business program, 
passing grades are a requirement for admission to College of Business programs. Because of 
these important considerations, SI was offered for these courses to help increase students' 
success. 
The sample for this study consisted of 3,286 students enrolled in entry-level biology, 
chemistry, mathematics, or physics courses offering SI during the fall 1999 academic year. 
Table 3.2 illustrates the specific courses, number of course instructors (sections), total 
number of SI sessions offered, and number of students enrolled in each academic discipline 
for the study. Statistical analysis was conducted separately for each academic discipline 
(biology, chemistry, math, and physics), because it was determined that a significant number 
of students (35%) were enrolled in more than one discipline simultaneously. 
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Table 3.2. Courses offering SI at Iowa State University, fall 1999 
Department Course SI Sections # Sessions Enrollment 
Biology Principles of Biology I 5 140 
Principles of Biology II 1 28 1,106 
Chemistry General Chemistry 1 28 
Gen. Chem. For Engineers 1 28 
General Chemistry I 28 
Organic Chemistry 1 28 1,148 
Mathematics Trigonometry & Geometry 1 28 
Discrete Math for Business & 1 28 
Social Sciences 
Calculus I 4 112 
Calculus II 1 28 624 
Physics Intro, to Classical Physics 2 56 408 
The variables included in this study were selected based on the extensive literature 
review presented in Chapter 2 to understand further which predictor variables (demographic, 
achievement, and level of SI participation) help to increase the likelihood that students will 
be retained at ISU. The dependent variable for all analyses was retention, which was coded to 
indicate whether a student returned for the next consecutive year of college—measured Fall 
semester to Fall semester by the 10* day of classes (0 = not retained; 1 = retained). For 
example, a student who enrolled in the Fall 1999 and returned to the institution in Fall 2000 
was coded "1." A student who did not return in the Fall 2000 semester, but returned in the 
Fall 2001 semester was coded "0" and "1," respectively. 
The thirteen independent variables in the study were divided into three categories: 
demographic, achievement, and level of SI participation. The demographic variables 
included: gender (GENDER), ethnicity (ETHNIC), citizenship (CITIZEN), Pell Grant 
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eligibility (PELL), learning community participation (LC), and first generation status 
(FIRSTGEN). Research presented in Chapter 2 discussed the varying degrees of impact these 
demographic variables have had on student retention. 
The achievement variables included in the study were: high school rank (HSRANK); 
ACT composite score (ACT); high school semesters completed in calculus (HSCALC), 
chemistry (HSCHEM), and physics (HSPHY); and transfer credits earned (TRANS). 
Retention research presented in Chapter 2 identified cognitive variables as the leading 
measures of college success, even though these variables have had limited ability to predict 
college success accurately (Astin, 1993; Tinto, 1997; Zheng et al., 2002). 
Finally, the level of SI participation variable (PARTCAT) denotes whether a student 
is an SI participant or non-SI participant and TAT represents the number of sessions they 
attended. For the purpose of this study, SI participation was defined as a student who 
attended 2 or more SI sessions for a single course. Research at UMKC found SI participation 
positively correlated to student retention (Center for SI, 2000). The level of SI participation 
(number of SI sessions attended) also was found to be statistically related to final course 
grade outcome. The more SI sessions a student attended, the higher the final course grade 
(Hensen & Shelley, 2003). A detailed definition of each variable, the variable type, and scale 
are included in Appendix A. 
Da&z Co/fecfzoH ProceJwr&s 
A Human Subjects Review form was submitted to Iowa State University's 
Institutional Review Board for permission to conduct this research study following approval 
from the researcher's program of study committee. Appropriate forms also were submitted to 
the Office of the Registrar, as is required for graduate student use of confidential permanent 
record files at Iowa State University. Following approval for this study, a request for the 
aforementioned demographic and achievement variables was sent to the Office of the 
Registrar and the Office of Student Financial Aid. 
Data for the level of SI participation variables—SI participation (SIPART) and the 
number of SI sessions attended (TAT) were collected during the Fall 1999 semester. SI 
participants were requested to sign an attendance sheet to track their participation in the 
program at each SI session they attended. A sample SI attendance form is included in 
Appendix B. The SI Leaders explained at the start of each session that students were 
encouraged to sign the form so that the SI program could track students' contact hours and 
conduct research to determine how SI participants performed in the course compared to non-
SI participants. 
Students were told the attendance sheets were confidential and would be viewed only 
by members of the SI program staff No information would be shared with faculty members, 
and all reports generated would include only summary data—no student names would be 
included. Students could choose not to sign the sheet if they so desired, but the SI Leaders 
were trained to encourage everyone to do so to ensure accurate contact hour reports. These 
records were compiled in the database throughout the semester, and few SI Leaders reported 
any SI participants who did not wish to sign the attendance sheet. Students who may have 
attended SI, but chose not to sign the attendance sheet or provided a false name, are not 
coded as SI participants. Only students who signed the attendance sheets were coded as SI 
participants. 
The information provided on the attendance sheets was added into a database with 
information provided from the Registrar's Office for each student enrolled in a course 
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offering SI. The total number of sessions attended by each individual student (TAT) was 
recorded, and an additional variable, SI participation (SIPART), was created. Any student 
who did not attend any SI sessions or a student who attended just one session was coded a 0. 
Those students who attended 2 or more SI sessions were coded a 1. A review of the literature 
showed little impact for students attending just one SI session, so it was decided to define SI 
participation for those who tried SI and decided to return for consecutive sessions. 
Methods 
The current study tracked, over a five-year period, students who were enrolled in 
entry-level biology, chemistry, mathematics, and physics courses offering SI in Fall 1999, to 
see if they were retained at Iowa State University. Specifically, the purpose of this study was 
to address the following research questions: 
1. Does participation in an SI program in entry-level biology, chemistry, mathematics, 
or physics courses help predict if students will be retained at Iowa State University? 
2. Which predictor variables (achievement, demographic, and level of SI participation) 
help determine if a student will be retained at Iowa State University? 
The researcher used chi-square analysis, based on two-way contingency tables, to answer 
the first research question, and a backward stepwise multiple logistic regression analysis, a 
multivariate statistical method, to answer the second research question to determine which 
predictor variables most effectively predicted student retention. Because the primary 
audience for this study was practitioners and institutional leaders with various statistical 
backgrounds and the researcher desires for this study to be a model for other institutions to 
replicate, the methodological approach will be presented with the aforementioned goals in 
mind. 
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CTw-sgware aMafyats 
The chi-square distribution, a nonparametric test used to determine whether there is 
any association between distributions of two categorical variables such as SI participants and 
non-SI participants, was used to address the first research question in this study (Hinkle et al., 
1998). The test statistic for chi-square analysis is as follows: 
where O = observed frequency; E = expected frequency; and & = number of categories, 
groupings, or possible outcomes (p. 576). 'The use of ^  distribution in hypothesis testing is 
analogous to the use of the f and F distributions. A null hypothesis is stated, a test statistic is 
computed, the observed value of the test statistic is compare to the critical value, and a 
decision is made whether or not to reject the null hypothesis" (p. 578). 
The chi-square analysis was completed using two-way contingency tables in SPSS, 
version 11.5. Simply stated, the two-way contingency table evaluates whether a statistical 
relationship exists between two variables. Three types of analysis are commonly conducted 
using two-way contingency tables including: independence between variables, homogeneity 
of populations, and unrelated classification (Green et al., 2000). For the purpose of this study, 
the analysis was conducted to determine the homogeneity of proportions between SI 
participants and non-SI participants who were retained at ISU over a five year period using a 
significance level ofj? = 0.05. The analysis evaluated whether the proportions of individuals 
of retained students were the same for both SI and non-SI participants. In addition, the SI and 
non-SI participant rates were compared to the overall institutional mean for students in the 
Fall 1999 semester. 
According to Green et al. (2000), the effect size for a two-way contingency table 
analysis can be measured using the phi coefBcient, which " .. .ranges in value from -1 to +1. 
Values close to 0 indicate a very weak relationship, and values close to 1 indicate a very 
strong relationship" (p. 347). The phi value will be reported to measure the strength of the 
relationship between SI participation and student retention/graduation. 
Zogisfic regression 
Backward stepwise multiple logistic regression analysis, a multivariate statistical 
method, was used to answer the second research question in this study to determine which 
predictor variables most effectively predicted student retention for students enrolled in entry 
level biology, chemistry, mathematics, and physics courses during the Fall 1999 semester. 
Mertler and Vannatta (2002) suggest that to draw conclusions and offer accurate explanations 
about a research question, it is best to analyze many variables simultaneously. They suggest 
further that multivariate statistical methods are the best approach for examining potential 
interactions and relationships between variables. Logistic regression, first used by Truett, 
Cornfield, and Kannel in the landmark Framington heart study, has become the "standard 
method for regression analysis of dichotomous data in many Gelds" (Hosmer & Lemeshow, 
1998, p. vii). Logistic regression is a non-linear regression technique used when the 
dependent variable is categorical (frequently dichotomous), to predict the probability of an 
individual falling into one category (e.g., retained) or the other (e.g., not retained) (Hosmer & 
Lemeshow, 1998; Mertler & Vannata, 2002; Shelley, 1999; Wright, 1995). 
Logistic regression analysis has been used widely to study the retention of college 
students (Dey & Astin, 1993). While comparing three methods—logistic, probit, and linear 
regression—applied to the same retention data, Dey and Astin found little difference in the 
results found by each approach, although theoretical advantages were identified. Specifically, 
logistic regression analysis is "based on different assumptions than those used by linear 
models, and as such are theoretically more appropriate for studying dichotomous phenomena 
such as retention issues" (p. 572). While similar to linear regression, logistic regression has 
several distinct advantages: (1) predictor variables do not need to be "normally distributed, 
linearly related, or have equal variances within each group" (Mertler & Vannata, 2002, p. 
314); (2) all probability values will be positive and range from 0 to 1 (Tabachnick & Fidell, 
1996); (3) logistic regression can analyze continuous, discrete, or dichotomous predictor 
variables (Mertler & Vannata, 2002; Shelley, 1999; Wright, 1995). For this study, logistic 
regression will allow an estimation of retention rates for each combination of independent 
variables based on the actual retention and the characteristics of students in the sample. 
One advantage of logistic regression over linear regression is the sigmoidal, or S-
shaped, response function that accounts for the different probabilities of the response variable 
at various levels of the independent variables (Dey & Astin, 1993; Shelley, 1999). The 
logistic regression function is steepest when the probability ofy = 1 is 0.5. It flattens out as 
the probability of y = 1 nears 0 or 1, becoming almost linear (Neter, Kutner, Nachtsheim, & 
Wasserman, 1996). Thus, "changes in independent variables have the largest effects when 
the probability levels approach .5 (where the slope is the steepest) and the smaller effects as 
probability levels approach 0 and 1" (p. 572). In terms of this study, when the independent 
variables (achievement, demographic, or level of SI participation) contribute to student 
retention, we would expect to see the probability levels approach .5. 
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Figure 3.1. Sigmoidal shape described by Shelley (1999) 
George and Mallery (2000), describe logistic regression analysis, mathematically, as 
a probability, odds, and the logarithm of the odds. According to Mertler and Vannata (2002): 
Probabilities are simply the number of outcomes of a specific type expressed 
as a proportion of the total number of outcomes.... In a logistic regression 
application, odds are defined as the ratio of the probability that an event will 
occur by the probability that the event will not occur. In other words, 
Odds = pOO 
l-p(X) 
where p(X) is the probability of event X occurring and l-p(X) is the 
probability of event X not occurring, (p. 318) 
For the research questions in this study, logistic regression was used to estimate the 
"odds probability of the DV [Dependent Variable—retention] occurring as the values of the 
TV's [Independent Variables—achievement, demographic, and/or level of SI participation] 
change" (Mertler & Vannata, 2002, p. 17), and it was a logical choice because retention is a 
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categorical dependent variable and the multiple independent predictor variables are 
continuous, discrete, or dichotomous. 
The general model for logistic regression takes the form: 
Yj = E(YJ+a 
where E(Y,), the expected value of Y at x = i, is the probability that Y = 1 at % = i. A model 
for multiple independent variables would be: 
E(YJ=.Bo+#iXii + ... + i,p_% 
where Bi refers to the effect of X% on the log odds of success, controlling for the other values 
of X (Shelley, 1999). The "effects in the logistic model refer to odds, and the estimated odds 
at one value of x divided by the estimated odds at another value of x is an odds ratio (Agresti, 
1996, p. 86). The response function for the logistic regression model is the logarithm of the 
ratio of success to failure, or the log odds, and is written as: Log (%(x)/l-n(x)), where the 
probability of success (Y = 1) and 1 - ir(x) is the probability of failure (Y = 0) at a given 
level of X (Agresti, 1996). 
For this study, logistic regression allowed an estimation of retention rates for each 
combination of independent variables based on the actual retention and the characteristics of 
students in the sample. The model for logistic regression in this study was: 
Prob(Retention) = #<,+#1 GENDER + ^ETHNIC + ^FIRSTGEN + AJISRANK + 
#sACT + B^HSCALC + ^HSCHEM + ^gHSPHY + ^TRANS + #ioTAT + LC+ 
^izPELL 
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Data Analysis Procedures 
Descriptive and inferential statistics were used to examine differences and to make 
inferences in this quantitative research analysis. Statistical analysis was conducted by 
academic discipline (biology, chemistry, math, and physics) due to the fact that many 
students (35%) were enrolled in multiple courses simultaneously. While this process 
controlled for differences between the disciplines, it is important to acknowledge that there 
were many different course instructors teaching students enrolled in courses offering SI that 
might account for differences in grading and instruction. Iowa State University, like many 
institutions, regularly reports course grade outcomes for students enrolled in the same course 
with different instructors. 
Before addressing the two research questions in this study, the researcher conducted 
data screening techniques to identify students enrolled in multiple courses within the same 
discipline (Math 142 and 165), missing data, and outliers in the study. Eight students were 
found to be enrolled in multiple courses within the same discipline. Care was taken to 
remove the lowest-level course data from the study. This decision was made because 
typically the lower-level course was a prerequisite for the upper level course indicating the 
student already would have had to have taken the lower course to enroll in the higher course. 
Students have the option of repeating a course to attempt to earn a higher grade. 
As described in the methodological limitations section of this chapter, missing and 
extreme values or outliers can cause data analyze problems if not addressed prior to 
conducting logistic regression analysis. Four deceased students were found in the data set and 
were removed from the study. An examination of the data also revealed few non-US citizens 
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in the data. It was determined to remove this variable from the study because it would not 
have enough variance to determine the level of significance. The ETHNIC variable was also 
recoded from the Registrar categories—1 = American Indian or Alaskan Native; 2 = Black 
(Not Hispanic); 3 = White (Not Hispanic; 4 = Asian or Pacific Islander; 6 = Hispanic 
(Spanish American); and 8 = Prefer not to indicate—to the categories 1 = White and 
Minority (Not White) because of the limited number of students of color included in the 
study. Those who indicated a preference not to indicate were recoded as system missing 
because their ethnicity could not be authenticated. 
vdna/ysi? of.Research gwesfzoTzs 
Descriptive statistics were assembled to address measures of central tendency and 
variability in the sample demographics by presenting frequencies, means, and standard 
deviations for the entire population and subgroups of SI participants and non-SI participants 
for each academic discipline. This was designed to provide the reader with a thorough 
understanding of the data under consideration, specifically how the SI and non-SI 
participation groups varied before inferential statistics were presented. 
JResearcA Qwesfzorz #7; Does /%zrfzczpafzoM z% am 57program zn eM&y-ZeveZ ifzofogy, 
CAemzjfTy, MzfAemafzcs, or fVryszcs cowries &e(p ^ redzcf zfsfWe/z# wz// 6e reAzzmeff of Tmwz 
&afe C/Mzverszfy? 
Chi-square analysis, based on two-way contingency tables, was used to determine 
whether participation in SI helps to predict student retention at Iowa State University for each 
academic discipline (biology, chemistry, mathematics, and physics) from fall semester to fall 
semester based on the 10* day of class enrollment over a five-year period. 
#2: vorzaWe? ^zcAzevg/Mgnf, (/eMogrqpAzc, amf 
Jgve/ of,S7j?87fzczpafzo%) Ae/p j?/-g^zcf (/"o jfwdk/zf W/ 6g of Zowa Aafg &//%zverszfy? 
The researcher used logistic regression to regress the dichotomous response variable, 
retention, on the twelve independent variables in this study. Specifically, this study used 
SPSS to conduct a backward stepwise logistic regression procedure in an attempt to "build 
more parsimonious and perhaps more accurate model" than would be available by 
investigating all variables simultaneously (Shelley, 1999, p. 443). 
Backward stepwise logistic regression was selected for this study, because, as the 
research presented in Chapter 2 suggested, a large number of variables have been shown to 
contribute to student retention. It was hypothesized that not all of these predictors would 
explain variation in the dependent variable, retention, equally. Including all twelve 
independent variables in the model at the start and eliminating one at each step made it 
possible to isolate the most significant subset of independent variables that contributed to 
student retention/graduation. 
CM-sgware fwo-woy confrngemcy faM&s 
Two-way contingency tables were performed with SPSS version 11.5 for each 
academic discipline for each year in the study to determine if the proportions of SI 
participants and non-SI participants who are retained or graduate each year are equal. Two 
goodness of fit tests of the strength of the relationship between SI/non-SI participation and 
retention/graduation were used: the phi coefficient, and Holm's sequential Bonferroni 
method. "The phi coefScient for a 2 X 2 table is a special case of the Pearson product-
moment correlation coefficient" (Green et al., 2000, pp. 346-347). The phi value ranges from 
-1 to +1, with values close to 0 indicating a very weak relationship and values close to 1 
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indicating a very strong relationship. Holm's sequential Bonferroni method was used to 
control for Type I error with an alpha level of 0.05. 
Zkzc&word sfepwLse frocafwrar 
Backward stepwise logistic regression was used to answer the second research 
question. The procedures began with all independent variables (achievement, demographic, 
and level of SI participation) in the model. Through a series of regression analyses, the least 
helpful predictor variable (the independent variable with the largest nonsignificant p-value) 
at each step was eliminated. The PPa&f Chi-square statistic was used to determine variable 
removal. The statistic is a measure of statistical signiGcance representing the ability of 
each variable to contribute to the model (Mertler & Vannata, 2002, p. 320). More 
speciGcally, it is the "square of the ratio of the parameter estimate divided by its standard 
error" (Reason, 2001, p. 40). Using a chi-square table and knowing the appropriate degrees 
of freedom, statistical signiGcance was determined at each stage in the model. 
q/Vogisfzc regr&SMon ozdpwf 
SPSS output for logistic regression, according to Mertler and Vannata (2002), can be 
divided into three parts: statistics for the overall model Gt, a classiGcation table, and the 
summary of model variables. Statistics for the overall model Gt, which are intended to 
determine how well the overall model Gts the data, include the -2 Log Likelihood statistic, 
the pseudo-R^ statistics, and the model chi-square. 
OveraZZ /Mo^ZeZ^ sfafMfZcs. The -2 Log Likelihood statistic uses the "maximum 
likelihood estimation technique to estimate the parameter value at which the probability of 
the observed value is greatest" (Reason, 2001, p. 38). The test statistic compares the 
maximized likelihood for the full model, 7%, to the maximized value of the model representing 
the null hypothesis, Z„ (Agresti, 1996). The test statistic, according to Agresti, is: G^ = -2 log 
L = -2 [log (Zo) - log (Zi)], which is compared to a chi-square table to determine the level of 
significance (Agresti, 1996; Shelley, 1999). A lower value of G^ indicates a better fit 
(Mertler & Vannata, 2002). 
The Hosmer and Lemeshow chi-square value, which provides another goodness of fit 
test, is obtained by calculating the Pearson chi-square statistic and comparing it to the chi-
square table with 8 degrees of freedom at an established Type I error level (Hosmer & 
Lemeshow, 1998). The test assesses the difference between the observed and expected 
number of successes (retained) and failures (not-retained) for the data divided into equal 
groups based on the estimated chances of the event occurring. A significant chi-square test 
rejects the null hypothesis that there was no difference between the observed and predicted 
values (Hosmer & Lemeshow, 1998). A well-fitted model will result in nonsignificant 
differences between the observed and predicted values and will not reject the null hypothesis 
using this test. 
The final goodness of fit test used in this study was the Nagelkerke pseudo R^ 
statistic, which estimated the amount of variation in the dependent variable (retention) 
explained by the model (Shelley, 1999). Shelley cautioned that this cannot be directly 
compared with the R^ statistics from ordinary least squares regression. 
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CZa&sz/zcafzo» &zWe. The second part of the SPSS ouq>ut for logistic regression 
discussed by Mertler and Vannata (2002) is the classification table. The table applies the 
regression model to predicted group membership and then to the actual subject values, 
yielding the percentage of cases correctly classified with the model. 
of mode/ vanaWes. The final part of the SPSS output for logistic regression 
is the summary of model variables. The null hypothesis for any logistic regression model is 
Ho: D = 0 (Agresti, 1996). # represents the "unstandardized regression coefficient and 
represents the effect the independent variable has on the dependent variable" (Mertler & 
Vannata, 2002, p. 320). The null hypothesis is represented by a horizontal response function, 
where # = 0 and the probability of success is independent of the predictor variables. The 
following statistical procedures test the model variables to determine if the parameter 
estimate for 2? differs significantly from 0. 
There are two main statistical procedures included in the SPSS summary of model 
variables output in addition to the aforementioned statistics. The Wald chi-square, which 
leads to calculation of the level of signiGcance for represents the ability of each variable to 
contribute to the model, and is calculated by the square of the ratio of the estimated 
parameter divided by its standard error. Tabachnick & Fidell (1996) caution that because the 
Wald chi-square statistic is a conservative approach, a more liberal signiGcance level (p < .1) 
should be used to interpret its statistical signiGcance. 
The Goal statistical procedure presented by SPSS in the summary model variables 
output is the odds ratio, which "represents the increase (or decrease if ExpfB) is less than 1) 
in odds of being classiGed in a category when the predictor variable increases by 1" (Mertler 
& Vannata, 2002, p. 320). In this study, the odds ratio represents the increase (or decrease if 
the value is less than one) in odds of being retained or graduating when the predictor variable 
increases by 1. The odds ratio, coupled with the Wald statistic, provide better understanding 
of the actual predictive power of each independent variable in the study. 
Methodological Limitations 
This study was designed to determine if students who participate in SI for entry-level 
biology, chemistry, mathematics, or physics courses at Iowa State University are more likely 
to be retained, and to identify the achievement, demographic, and level of SI participation 
variables that help predict whether students will be retained. There were several general 
limitations of the study, and more specific limitations related to the use of logistic regression. 
First, results may not be replicable or generalizable at other institutions because this study 
was conducted at a single large, public, Midwestern university, and the results may not be 
applicable for other institutional types. Second, because only entry-level biology, chemistry, 
mathematics, and physics courses were examined in this study, findings may not be 
applicable to SI programs focusing on different academic disciplines. 
Third, the study relied on the accuracy of students' signatures on attendance sheets at 
SI sessions to classify the students correctly as SI participants. Students who attended an SI 
session but chose not to sign the attendance sheet or provided an inaccurate name were not 
classified as SI participants. Based on feedback from SI Leaders, few students choose not to 
sign the attendance sheets; also, few inaccurate names appeared on the attendance sheets. 
Still, the researcher acknowledges it was not possible to ensure all classifications were 
accurate. 
While this study examined students who participated in SI and those who did not, the 
researcher acknowledges that SI is one of many academic support programs in which 
students may have participated. Another major limitation of this study is that data were not 
available to track students over a six-year period, as is consistent with most retention models 
that track student retention and graduation. This study examined students' retention after five 
years, and additional research will be needed to determine whether or not students' graduate 
or are retained following that time. 
This study has several additional limitations related to the use of logistic regression. 
Mertler and Vannata (2002) suggest: (1) data analysis maybe impaired if "too few cases 
related to the number of predictor variables exist in the data"; (2) goodness-of-St tests are 
critical to determine if the model is a good St for the data—"all pairs of discrete variables 
should be evaluated to ensure that all cells have expected frequencies greater than 1 and that 
no more than 20% have frequencies less than 5"; (3) high correlation or multicollinearity 
between the variables could impact the results; and (4) outliers will need to be removed to 
avoid a poorly St model (p. 317). The researcher took steps to ensure each of these 
limitations was minimized using the data analysis procedures described previously. 
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Conclusion 
Chi-square analysis using two-way contingency tables was used to determine if SI 
participants are retained at higher rates than are non-SI participants, and backward stepwise 
logistic regression was used to determine which independent achievement, demographic, and 
level of SI participation variables help predict if students will be retained at Iowa State 
University. Answers to these questions could provide valuable information to Iowa State 
University and other institutions with SI programs, or those looking to implement such a 
program, about the ability of SI to enhance student retention and the specific independent 
variables that help to predict student retention. Additionally, this study provides a model for 
other institutions that have yet to determine if SI helps retain students at their institutions. 
Chapter 4 describes the findings organized by research question. 
94 
CHAPTER 4 
RESEARCH FINDINGS 
The preceding chapter addressed the design, method, procedures, and methodological 
limitations relevant to this study. Specifically, the purpose of this study was to address the 
following research questions: 
1. Does participation in a Supplemental Instruction (SI) program in entry-level 
biology, chemistry, mathematics, or physics courses help predict if students will 
be retained at Iowa State University (ISU)? 
2. Which predictor variables (demographic, achievement, and level of SI 
participation) help increase the likelihood that a student will be retained at ISU? 
Answers to these questions were designed to expand on the study conducted at ISU by 
Hensen and Shelley (2003), which determined that SI participants in entry-level biology, 
chemistry, mathematics, and physics courses earned higher final course grades than non-SI 
participants regardless of their lower pre-entry characteristics. 
This chapter presents the research findings for the study organized by academic 
discipline in three main sections. The first section presents descriptive statistics to address 
measures of central tendency and variability in the sample demographics by summarizing 
frequencies, means, and standard deviations for SI participants and non-SI participants for 
each academic discipline. This was designed to provide the reader with a thorough 
understanding of the data under consideration, specifically how the SI and non-SI 
participation groups vary before inferential statistics are presented. The final two sections, 
organized by academic year, summarize the findings for research questions in this study. 
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Descriptive Analysis 
Before the results of the inferential and multivariate statistical analysis for each 
research question are presented in this study, descriptive statistics will describe both the 
characteristics of the sample and relationships among the variables under consideration. The 
descriptive statistics presented address measures of central tendency and variability in the 
sample demographics by presenting frequencies, means, and standard deviations. 
The sample for this study consisted of 3,286 students enrolled in entry-level biology, 
chemistry, mathematics, or physics courses offering SI during the Fall 1999 semester. The 
variables included were selected based on the extensive literature review presented in 
Chapter 2, to understand further which variables (achievement, demographic, and level of SI 
participation) help predict whether students will be retained at Iowa State University. The 
dependent variable for all analyses was student retention, which has been coded to indicate 
whether a student returned for the next consecutive year of college—measured fall-to-fall 
semester based on enrollment on the 10^ day of classes (0 = not retained; 1 = retained). For 
the purposes of this study, either retention or graduation were viewed to be positive 
outcomes. 
The 13 independent variables that were included originally in the study consisted of: 
gender (GENDER), ethnicity (ETHNIC), citizenship (CITIZEN), Pell Grant eligibility 
(PELL), learning community participant (LC), first generation status (FIRSTGEN), high 
school rank (HSRANK); ACT composite score (ACT); number of semesters of high school 
calculus (HSCALC), chemistry (HSCHEM), or physics (HSPHY); and the number of 
transfer credits earned (TRANS). Finally, the level of SI participation variable (TAT) 
denoted the number of SI sessions a student attended. SI participation was defined as a 
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student who attended two or more SI sessions. Students who did not attend any sessions or 
who attended only one session were defined as non-participants. A detailed definition of each 
variable, the variable type, and scale of measurement is included in Appendix A. 
A limitation of the study is that not all variables requested were available for all 
students. For this reason, the total numbers reported in the descriptive statistics may not be 
the same for each variable within each academic discipline. Percentages reported indicate the 
total number available for a specific variable. Table 4.1 presents the frequencies and 
percentages of the categorical variables in the study including: gender (GENDER), ethnicity 
(ETHNIC), citizenship (CITIZEN), first generation status (FIRST), learning community 
participation (LC), Pell Grant eligibility (PELL), and SI participation. 
Table 4.2 presents the frequencies and percentages divided by SI participation status. 
Means and standard deviations of the continuous variables—high school rank (HSRANK), 
ACT composite score (ACT), number of semesters of high school calculus (HSCALC), 
chemistry (HSCHEM), and physics (HSPHY), and transfer credits earned (TRANS)—are 
presented in Table 4.3. Finally, Table 4.4 presents the distribution of the dependent variable, 
retention (RETENT). The descriptive statistics are designed to summarize the demographic, 
achievement, and level of SI participation information for each academic discipline and to 
provide the reader with an understanding of how the SI and non-SI participants compare 
before the multivariate statistical analysis is presented in section 2 of this chapter. 
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Table 4.1. Frequencies and Percentages for Categorical Variables by Academic Discipline 
Demographic 
characteristic 
Biology Chemistry Mathematics Physics 
# % AT % # % AT % 
Gender 
Female 671 (62%) 450 (41%) 191 (32%) 76 (19%) 
Male 422 (38%) 659 (59%) 408 (68%) 326 (81%) 
Ethnicity 
White, non- 975 (89%) 993 (89.2%) 525 (87.7%) 352 (87.6%) 
Hispanic 
African American 33 (3%) 16 (1.4%) 14 (2.3%) 3 (0.7%) 
Hispanic 19 (2%) 23 (2.1%) 10 (1.7%) 6 (1.5%) 
Asian/Pacific 22 (2%) 24 (2.2%) 20 (3.3%) 16 (4%) 
Islander 
American 7 (0.6%) 6 (0.5%) 4 (0.7%) 2 (0.5%) 
Indian/Alaskan 
Native 
Prefer not to 38 (3.4%) 51 (4.6%) 26 (4.3%) 23 (5.7%) 
Indicate 
Citizenship 
U.S. Citizen 1,077 (98%) 1,086 (98%) 589 (98%) 385 (95.8%) 
Non-resident alien 4 (0.4%) 15 (1%) 4 (0.7%) 12 (3%) 
Immigrant 12 (1.6%) 8 (1%) 6 (1.3%) 5 (1.2%) 
First Generation 
Status 
Yes 75 (7%) 66 (6%) 40 (7%) 29 (7%) 
No 1,019 (93%) 1,047 (94%) 559 (93%) 373 (93%) 
Learning Community 
Participation 
Yes 125 (11%) 137 (12%) 51 (8%) 5 (2%) 
No 981 (89%) 1,011 (88%) 573 (92%) 403 (98%) 
Pell Grant Eligibility 
Yes 80 (29%) 235 (20%) 125 (20%) 79 (19%) 
No 195 (71%) 913 (80%) 499 (80%) 329 (81%) 
Supplemental 
Instruction 
Yes 323 (30%) 258 (22%) 85 (13%) 50 (12%) 
No 783 (70%) 890 (78%) 539 (87%) 358 (88%) 
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Table 4.2. Frequencies and Percentages for Categorical Variables by SI Participation Status 
Demographic Biology Chemistry Math Physics 
characteristic 
SI Non SI Non SI Non SI Non 
Gender 
Female 218 453 131 319 24 167 17 59 
(32%) (68%) (29%) (71%) (13%) (87%) (22%) (78%) 
Male 101 321 115 544 56 352 33 293 
(24%) (76%) (17%) (83%) (13%) (87%) (10%) (90%) 
Ethnicity 
White, non-Hispanic 280 695 228 765 66 459 44 308 
(29%) (71%) (23%) (77%) (13%) (87%) (12%) (88%) 
African American 8 25 2 14 4 10 1 2 
(24%) (76% (12%) (88%) (29%) (71%) (32%) (68%) 
Hispanic 3 16 3 20 3 7 1 5 
(16%) (84%) (13%) (87%) (30%) (70%) (17%) (83%) 
Asian/ 15 7 4 20 1 19 1 15 
Pacific Islander (32%) (68%) (16%) (84%) (5%) (95%) (7%) (93%) 
American 0 7 0 6 0 4 0 2 
Indian,'Alaskan (100%) (100%) (100%) (100%) 
Native 
Prefer not to 14 24 11 40 6 20 3 20 
Indicate (37%) (63%) (22%) (78%) (24%) (76%) (13%) (87%) 
Citizenship 
U.S. Citizen 313 764 244 842 78 511 49 352 
(29%) (71%) (23%) (77%) (13%) (87%) (12%) (88%) 
Non-resident alien 2 2 2 13 0 4 1 11 
(50%) (50%) (13%) (87%) (100%) (8%) (92%) 
Immigrant 4 8 0 8 2 4 0 5 
(33%) (67%) (100%) (34%) (66%) (100%) 
First Generation 
Status 
Yes 20 55 12 54 7 33 3 26 
(7%) (93%) (18%) (82%) (17%) (83%) (10%) (90%) 
No 300 719 236 811 73 486 47 326 
(70%) (30%) (23%) (77%) (13%) (87%) (13%) (87%) 
Learning 
Community 
Participation 
Yes 57 68 36 101 9 42 1 4 
(46%) (54%) (26%) (74%) (18%) (82%) (20%) (80%) 
No 266 715 222 789 76 497 49 354 
(27%) (73%) (22%) (78%) (8%) (92%) (12%) (88%) 
Pell Grant 
Eligibility 
Yes 80 195 59 176 22 103 13 66 
(25%) (75%) (25%) (75%) (28%) (72%) (26%) (74%) 
No 243 588 199 714 63 436 37 292 
(29%) (71%) (22%) (78%) (13%) (87%) (11%) (89%) 
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GeWer 
Female students (« = 671) constituted 62% of the students enrolled in the biology 
courses offering SI during the Fall 1999 semester. Fewer female students were enrolled in 
courses offering SI in chemistry (% = 450) 41%, math (» = 191) 32%, and physics (« = 76) 
19%. Comparatively, female students comprised 44.7% of the undergraduate student profile 
in 1999-2000 at ISU (Office of Institutional Research, 2000). A disproportionate percentage 
of female students participated in SI compared to the number enrolled in the courses. A mean 
percentage of 56.1% of females participated in SI for all courses in this study, while the total 
number of females enrolled in all courses accounted just 43.3% of all students enrolled in 
courses offering SI. 
EfAMzczfy 
The Registrar's Office at ISU collects ethnicity in the following categories on student 
applications: White, non-Hispanic; African American; Hispanic; Asian/Pacific Islander; 
American Indian/Alaskan Native, and Prefer Not to Indicate. For this reason, these categories 
will be used throughout the study to describe students' race and ethnicity. While the total 
percentages of ethnic minority students in this study were relatively small, they were 
representative of the undergraduate student profile at ISU in 1999-2000 as summarized in 
Table 3.1. White, non-Hispanic students represented 89% of the population (m = 975) 
enrolled in biology and chemistry courses (% = 993), and 88% of the students enrolled in 
mathematics (% = 525) and physics courses (« = 352) in this study. 
African American students represented 3% (» = 33) of students enrolled in biology 
courses in this study, 1.4% of those in chemistry courses (» = 16), 2.3% (% = 14) of students 
enrolled in math courses, and 0.7% (» = 3) of students enrolled in physics courses in this 
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study. African American students comprise 2.7% of the general undergraduate population at 
ISU. Hispanic students were overrepresented in this study, with 2% (n = 19) enrolled in 
biology, 2.1% (% = 23) enrolled in chemistry, 1.7% (» = 10) enrolled in mathematics, and 
1.5% (« = 6) enrolled in physics courses in this study while they only represented only 1.4% 
of the undergraduate population at ISU in 1999-2000 (OfBce of Institutional Research, 
2000). 
Asian/PaciGc Islanders represented 2.5% of the undergraduate student body in 1999-
2000 at ISU and represented 2% (« = 22) of students in biology, 2.1% (% = 23) of students in 
chemistry, 3.3% (» = 20) in mathematics, and 4% (n = 16) of students enrolled in physics 
courses. Finally, American Indian/Alaskan natives representing 0.4% of the total 
undergraduate population, represented 0.6% (n = 7) in biology, 0.5% (» = 5) in chemistry, 
0.7% (% = 4) in mathematics, and 0.5% (n = 2) in physics. 
Due to the small numbers of students in each ethnic minority category, the researcher 
decided to collapse all the ethnic minority respondents into one category for the logistic 
regression analysis. The admissions application also permits individuals to select a category 
called "prefer not to indicate." As illustrated in Tables 4.1 and 4.2, an average of 4% of the 
individuals in this study preferred not to provide their ethnicity. These individuals were 
recoded as missing because it was not possible to classify them correctly as belonging to the 
ethnic minority or white group. 
The new variable, ETHNIC2, classified the remaining individuals into an ethnic 
minority category or a non-ethnic minority (white) category. Overall, 92.7% (» = 2,845) of 
the students in the study were classified as White (non-Hispanic) and 7.3% (% = 225) 
represented ethnic minority students. Chapter 5 discusses the limitations of the decision to 
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collapse all the ethnic minority categories into one variable. An additional 216 students were 
coded as system missing because they either choose not to provide their ethnicity or it was 
not available. 
CzfizeMjAy? 
Non-U. S. citizens were underrepresented in the study. 4.9% of the undergraduate 
population at ISU in 1999-2000 was international students, compared to an average of 2% for 
international students in this study. Because so few non-US citizens were included in the 
study, this variable was excluded from the logistic regression analysis because not enough 
variance existed between groups to rise to a level of significance. 
Firs/ GenerafiOM Aafws 
First generation students (« = 210), those with parents who did receive formal 
education beyond high school, constituted 7% of the students in this study. Further, 20% of 
these first generation students participated in SI (n = 42). 
ZeamzMg Co/M/MW/zzfy Parfi'czpafzo» 
A small number of learning community participants were enrolled in courses offering 
SI in this study. The sample of learning community participants in the study consisted of 
11% in biology courses (m = 125), 12% of students in chemistry courses (a = 137), 8% of 
students in mathematics courses (% = 51), and 2% of students enrolled in physics courses (% = 
5). While learning community participation rates were relatively small for students in this 
study, a significant percentage of the learning community participants choose to participate 
in the SI program: 46% (n = 57) of the students enrolled in biology courses, 26% (» = 36) 
enrolled in chemistry courses, 18% (n = 9) enrolled in math courses, and 20% (% = 1) 
enrolled in physics courses. 
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Pe# Granf 
An average of 22% of the students enrolled in courses offering SI in this study 
demonstrated the need for financial assistance and was eligible for a federally funded Pell 
Grant. As illustrated in Table 4.2, on average 26% of SI participants in the various academic 
disciplines was Pell Grant eligible. 
57 ParfzczpafiOM Aafwa 
For this study SI participation was defined as students who attended 2 or more SI 
sessions for a course. Thirty percent (» = 323) of students enrolled in biology courses 
participated in SI while 22% (« = 258) participated in SI for chemistry courses. SI 
participation for mathematics and physics was significantly less, with 13% (m = 85) and 12% 
(n = 50) of students participating respectively. It is important to note that 15% of the students 
in the non-SI participant group attended 1 session for an academic course. Because research 
suggested the impact of attending only one SI session was minimal, it was determined that a 
definition of SI as attending 2 or more sessions would be more meaningful for this study. 
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Table 4.3. Means and standard deviations for continuous variables 
SI Participants Non-SI Participants 
Category Mean SD N Mean SD N 
High school rank 80.63 16.222 652 76.51 17.789 2,358 
ACT composite score 24.78 3.679 621 25.19 3.997 2,238 
High school semesters 
Calculus .59 .931 716 .64 .986 2,570 
Chemistry 2.01 .985 716 2.06 1.067 2,570 
Physics 1.39 1.098 716 1.44 1.096 2,570 
Final course grade 
Biology 2.62 .959 322 2.16 1.160 725 
Chemistry 2.59 .845 247 2.46 1.009 800 
Mathematics 2.68 1.083 78 2.35 1.236 472 
Physics 2.46 1.080 45 2.15 1.217 311 
Transfer credits 9.53 19.254 716 9.39 20.072 2,570 
Contact hours at SI 5.4 4.155 716 .19 .395 2,570 
.ScAoo/ 
Table 4.3 compared the mean, standard deviation, and frequency of high school rank 
for SI participants and Non-SI participants in this study to provide the reader with an 
understanding of the similarities and differences between the SI and non-SI participants 
groups. High school rank is a percentile ranking within the student's high school graduating 
class, with 99 being the highest and 1 being the lowest. SI participants (% = 652) reported a 
mean high school rank of 80.63 (SO = 16.222) while the non-SI participants (n = 2,358) 
reported a mean high school rank of 76.51 (&0 = 17.789). The ISU undergraduate student 
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profile for 1999-2000 indicated that 91% of first-time freshmen were in the upper 50% of 
their class (Office of Institutional Research, 2000). 
Compasife &%)re 
The ACT assessment is a college admissions test consisting of four parts: English, 
mathematics, reading, and science. The ACT composite score used in this study is the 
average of the four test scores rounded to the nearest tenth number. Interestingly, while the 
SI participants reported an average higher mean high school rank than the non-SI 
participants, just the opposite was true for mean ACT composite scores. SI participants (n = 
621) reported a mean ACT score of 24.78 (&D = 3.679) while the non-SI participants (% = 
2,238) reported a mean ACT score of 25.19 (&D = 3.997). 
#zg& Cbmp/eW z% Cz/cw/zts, CAemzafry, awf P&yazcs 
The number of semesters students completed in calculus, chemistry, and physics is a 
variable providing insight into the amount of preparation students had prior to college in 
these disciplines. SI participants (m = 716) had lower mean semesters of preparation in 
calculus, chemistry and physics that non-SI participants (m = 2,570). SI participants had a 
mean of .59 (SO = .931) semesters in calculus, 2.01 (5D = .931) semesters in chemistry, and 
1.39 (6D = 1.098) in physics. In comparison, non-SI participants had a mean .64 (5D = .986) 
semesters in calculus, 2.06 (&D = 1.067) semesters in chemistry, and 1.44 (6D = 1.096) in 
physics. 
Fzna/ Cowrse Grade 
Despite receiving lower mean ACT composite scores and having fewer semesters of 
preparation in high school calculus, chemistry, and physics, SI participants earned higher 
final course grades in biology, chemistry, math, and physics courses than non-SI participants. 
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SI participants (% = 322) earned a mean final course grade of 2.62 (&D = .959) while non-SI 
participants (% = 725) earned a mean final course grade of 2.16 (&D =1.160) in biology. In 
chemistry, SI participants (n = 247) earned a mean final course grade of 2.59 (SD = .845) 
while non-SI participants (% = 800) earned a mean final course grade of 2.46 (5D = 1.009). SI 
participants (« = 78) earned a mean ûnal course grade of 2.68 (6D = 1.083) while non-SI 
participants (% = 472) earned a mean final course grade of 2.35 (6D = 1.236) in mathematics. 
Finally, in physics, SI participants (« = 45) earned a mean Anal course grade of 2.46 (6D = 
1.083) while non-SI participants (n = 311) earned a mean final course grade of 2.15 (5D = 
1.217). 
Comfocr 7/bwr; of 57 .SesMO/za 
For the purpose of this study, SI participation was defined as those who attended 2 or 
more SI sessions. Two 90-minute SI sessions were held during the 1999-2000 academic year 
per week, for a total number of 28 sessions by each leader for the course. Table 3.2 described 
the courses offering SI and the total number of sessions offered. The total number of contact 
hours at SI sessions by SI participants was 3,855, and participants attended a mean 5.4 
sessions (&D = 4.155). It is important to note that 15% of those classified as non-SI 
participants (m = 2,570) did attend one SI session, for a mean of 0.19 sessions (&D = .395) 
constituting 496 contact hours at SI sessions. 
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Analysis of Research Question 1 
Z)o&s par#czpafzo/z ;% am 57program m gMZry-Zeve/ 6zo/ogy, cAemMf/y, mafAema#cs, 
or cowr^&y Ae/p predzcf wz// 6e refawza/ af Tbwa &afg L/»zver^z(y? 
The Srst research question was addressed in this study by chi-square analysis, based 
on two-way contingency tables, to determine if SI participants were retained at higher rates 
than non-participants at ISU over a five-year period. For the purposes of this study, retention 
was defined as enrollment at the institution from one Fall semester to the next on the 10* day 
of classes or graduation from the institution. For example, a student enrolled in biology 201 
in the Fall 1999 who is enrolled in the Fall 2000 by the 10* day of classes would be 
classified as retained. After the student graduates in December 2000, the student would 
continue to be classified as retained in this study because the individual earned a degree. The 
student would be classified as not retained if the individual was not enrolled at the institution 
by the 10* day of classes the previous Fall semester. Table 4.4 presents the findings for each 
academic discipline over five years. 
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Table 4.4. Five Year Retention/Graduatioii Rates for SI Participants and Non-SI Participants 
Academic SI Non-SI Institutional A" & 
Discipline Participants Participants Mean 
1-yr 2000 
Biology 90.1% 78.8% 85.1% 19.843 <0.00** .134 
Chemistry 88.0% 84.9% 85.1% 1.503 0.220 .036 
Mathematics 87.1% 82.9% 85.1% .908 0.341 .038 
Physics 94.0% 84.4% 85.1% 3.298 0.069 .090 
2-yr 2001 
Biology 83.6% 72.5% 76.8% 15.207 <0.00** .117 
Chemistry 81.0% 80.4% 76.8% 0.40 0.842 .006 
Mathematics 84.7% 75.0% 76.8% 3.860 0.049** .079 
Physics 90.0% 78.5% 76.8% 3.618 0.057 .094 
3-yr 2002 
Biology 81.7% 70.4% 73.3% 15.229 <0.00** .117 
Chemistry 80.2% 78.3% 73.3% .440 0.507 .020 
Mathematics 80.0% 72.2% 73.3% 2.296 0.130 .061 
Physics 88.0% 78.5% 73.3% 2.448 0.118 .077 
4-yr 2003 
Biology 80.5% 69.5% 71.2% 13.987 <0.00** .112 
Chemistry 79.1% 76.6% 71.2% .676 0.411 .024 
Mathematics 78.8% 69.4% 71.2% 3.154 0.076 .071 
Physics 90.0% 75.7% 71.2% 5.138 0.023** .112 
5-yr2004 
Biology 80.5% 69.5% # 13.987 <0.00** .112 
Chemistry 79.8% 76.5% % 1.261 0.261 .033 
Mathematics 81.2% 69.0% * 5.238 0.022** .092 
Physics 90.0% 76.8% * 4.508 0.034** .105 
*Not available **chi-square< 0.05 
Chi-square analyses over a five-year period revealed that the retention/graduation rate 
for students enrolled in biology, chemistry, mathematics, and physics courses during the 
1999-2000 year was higher for SI participants than non-SI participants and the mean 
institutional retention over a Eve year period. It is important to note that this study did not 
control for differences in academic preparation or achievement. Pearson chi-square (A^), 
significance level (p = 0.05), phi (#), and the percentage difference between SI and non-SI 
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participants are reported to measure the strength of the relationship and variance between 
groups. 
First year retention/graduation for SI participants was significantly higher in biology 
= 19.843; < 0.00, = .134). For the other disciplines, SI participants had higher 
retention/graduation rates than non-SI participants despite not being statistically significant— 
chemistry (A^= 1.503; p = 0.220,= .036^, 4.2% higher in mathematics (A^ = .908; = 
0.341, = .038), and 9.6% higher in physics (Af = 3.298;p = 0.069, ^ = .090) than non-SI 
participants. SI participant retention also was higher than the institutional mean for first-year 
students—5% higher in biology, 2.9% higher in chemistry, 2% higher in mathematics, and 
8.9% higher in physics. 
Once again, SI participant retention/graduation was found to be statistically higher for 
students in biology than non-SI participants. Second-year retention/graduation for SI 
participants in biology was 11.1% higher (A^ = 15.207; p < 0.00, d>= .117), 0.6% higher in 
chemistry (A^ = 0.40; p = 0.842, = .006), 9.7% higher in mathematics = 3.860; = 
0.049, # = 079), and 11.5% higher in physics (Af = 3.618;^ = 0.057, .094). Again, the SI 
participant retention rates exceeded the institutional retention mean average. SI participants 
were retained at 6.8% higher rates in biology, 4.2% higher in chemistry, 7.9% higher in 
mathematics, and 13.2% higher rates in physics. 
Third-year retention/graduation for SI participants was statistically significant in 
biology (Af= 15.229; < 0.00, ^=.11%). For the other disciplines, SI participants had higher 
retention/graduation rates than non-SI participants despite not being statistically significant— 
1.9% higher in chemistry (Af = .440; p = 0.507, # = .020), 7.8% higher in mathematics (Af = 
2.296;p = 0.130, <f> = .061^, and 9.5% higher in physics (A^ = 2.448;p = 0.118, <& = .077), 
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than non-SI participants. SI participants were retained at higher rates than the institutional 
mean at rates of 8.4%, 6.9%, 6.7% and 14.7% higher for biology, chemistry, mathematics, 
and physics, respectively. 
In the fourth year, retention/graduation rates continued to be higher for SI participants 
with rates 11% higher in biology (jf = 13.987; p < 0.00, <^= .11%), 2.5% higher in chemistry 
676; p = 0.411, # = .024), 9.4% higher in mathematics = 3.154;p = 0.076, <& = 
.071,), and 14.3% higher in physics 5.138;p = 0.023, <& = .112^. SI participants earned 
statistically significant higher retention/graduation rates in biology and physics courses. Once 
again, SI participant retention rates exceeded institutional retention significantly. SI 
participants in biology were retained at 9.3% higher rates, 7.9% higher for chemistry, 7.6% 
higher for mathematics, and 18.8% higher for physics. 
Finally, the fifth-year retention/graduation rates for SI participants in biology, 
mathematics, and physics were statistically significantly higher than for non-participants in 
each course except chemistry. SI participant retention rates in biology were 11% higher = 
13.987;p < 0.00, # = .112), 3.3% higher in chemistry = 1.261;p = 0.261, <^= .033J, 
12.2% higher in mathematics 5.238;p = 0.022, = .092), and 13.2% higher for SI 
participants in physics 4.508; p = 0.034, = .105). Institutional retention rates were not 
available for fifth year retention. 
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Analysis of Research Question 2 
#%zc& predzcfor van'aAZeg (Wemograp&zc, acAzeve/Menf, and /eve/ q/^pa/fzczpafzon^ 
Ae/p z/zcreage fAe ZzWzAood fAaf a ^fWenf wz// 6e refazmed of Tbwa Aafe UMzver^zfy? 
Backward stepwise multiple logistic regression analysis, a multivariate statistical 
method, was used to answer the second research question in this study to determine which 
predictor variables most effectively predicted student retention over a five year period for 
students enrolled in entry level biology, chemistry, mathematics, and physics courses during 
the Fall 1999 semester. Twelve independent variables were included at the start of each 
model (ACT, TAT, LC, PELL, GENDER, ETHNIC2, FIRSTGEN, HSCHEM, HSCALC, 
HSPHY, TRANS, and HSRANK) and through a series of regression analyzes, the least 
helpful predictor variable (the independent variable with the largest non-significant value) 
at each step was eliminated. Table 4.5 presents a summary of the goodness of fit statistics for 
each model in the study. Results are organized by academic year below. 
I l l  
Table 4.5. Summary Goodness of Fit Statistics 
-2 Log L Cox & 
SnellR 
Square 
Hosmer & 
Lemeshow 
Nagelkerke 
R: 
% Correctly 
Classified 
Biology Year 1 726.984 .085 12.677 .146 84.4% 
Chem. Year 1 577.021 .058 5.402 .199 89.5% 
Math Year 1 355.091 .039 6.428 .076 88.2% 
Physics Year 1 229.333 .045 13.150* .087 88.0% 
Biology Year 2 916.669 .078 7.838 .119 77.6% 
Chem. Year 2 763.046 .055 16.722* .095 84.4% 
Math Year 2 466.222 .079 10.182 .126 80.7% 
Physics Year 2 283.577 .097 15.720* .158 81.7% 
Biology Year 3 966.840 .066 8.269 .099 75.9% 
Chem. Year 3 826.031 .050 10.408 .083 82.5% 
Math Year 3 507.134 .073 10.493 .112 78.0% 
Physics Year 3 287.369 .110 5.163 .177 80.6% 
Biology Year 4 974.191 .077 11.559 .114 75.0% 
Chem. Year 4 849.564 .066 5.775 .106 81.1% 
Math Year 4 523.920 .086 3.690 .129 76.1% 
Physics Year 4 315.703 .071 5.613 .111 79.3% 
Biology Year 5 977.215 .072 12.837 .106 75.1% 
Chem. Year 5 842.292 .058 7.683 .095 81.7% 
Math Year 5 520.487 .100 3.533 .150 75.7% 
Physics Year S 300.283 .075 2.362 .120 80.8% 
*Chi square< 0.05 
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Tear 7 
.BWogy. Goodness-of-Gt statistics (-2 Log L = 726.984; Hosmer and Lemeshow 
(8) = 12.6777) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 14.6 % of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 84.4% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.6. Wald statistics indicated that several 
variables—TAT, HSPHYS, TRANS, and HSRANK—were statistically significant predictors 
of first-year retention/graduation for students enrolled in biology courses in the Fall 1999 
semester. 
The number of SI sessions attended (TAT) was statistically significant (Wald (1) = 
7.13 l;p < .05). The odds ratio associated with TAT (e ^ = 1.148) indicated that a student 
attending 1 additional SI session could increase the odds that the student would be retained 
by 14.8%, holding all other variables constant. The number of high school semesters of 
physics (HSPHY) also was statistically significant (Wald (1) = 4.735;p < .05). The odds 
ratio associated with HSPHY (e^ = 1.234) indicated that an additional semester of high 
school physics would increase a students' odds of being retained or graduating by 23.4%, 
holding all other variables constant. 
In addition, the number of transfer credits (TRANS) was also statistically significant 
(Wald (1) = 5.774; jp < .05). The odds ratio associated with TRANS (e°^ = 1.018) indicated 
that for each additional transfer credit a student earned, the odds that the student would be 
retained is increased by 1.8%, holding all other variables constant. The final independent 
variable in this model found to be statistically significant was high school rank (HSRANK) 
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(Wald (1) = 46.537; < .05). The odds ratio associated with HSRANK (e °* = 1.036) 
indicated that an increase of one percentile point in a student's high school rank, would 
increase the odds that the student would be retained by 3.6%, holding all other variables 
constant. 
CVzem&sfry. Goodness-of-Gt statistics (-2 Log L = 577.021; Hosmer and Lemeshow 
(8) = 5.402) summarized in Table 4.5 indicated that the overall model of fit was questionable. 
The Nagelkerke R^ statistics indicated that the model explained 19.9% of the variation found 
in the dependent variable. However, the model was fairly accurate correctly classifying 
89.5% of observations. Regression coefficients, Wald statistics, and odds ratios for the 
independent variables are presented in Table 4.7. Wald statistics idenGGed one variable, 
HSRANK, that was a statistically signiGcant predictor (Wald (1) = 55.380; p < .05) of Grst 
year retention/graduation for students enrolled in chemistry courses in the Fall 1999 
semester. The odds ratio associated with HSRANK (e = 1.046) indicated that as a 
student's high school rank increased by one percentile point, the probability that the student 
would be retained increased by 4.6%, holding all other variables constant. 
Goodness-of-Gt statistics (-2 Log L = 355.091; Hosmer and Lemeshow (8) = 
6.428) summarized in Table 4.5 indicated that the overall model of Gt was questionable. The 
Nagelkerke R^ statistics indicated that the model explained 7.6% of the variation found in the 
dependent variable. However, the model was fairly accurate correctly classifying 88.2% of 
observations. Regression coefficients, Wald statistics, and odds ratios for the independent 
variables are presented in Table 4.8. Wald statistics indicated that two variables—HSCALC 
and HSRANK—were statistically signiGcant predictors of Grst year retention/graduation for 
students enrolled in math courses in the Fall 1999 semester. 
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The number of high school semesters of calculus (HSCALC) was statistically 
significant (Wald (1) = 5.807; p < .05). The odds ratio associated with HSCALC (e ^ = 
.695) indicated that an additional semester of high school calculus could increase the odds 
that the student would be retained by 69.5%, holding all other variables constant. High 
school rank (HSRANK), also was found to be statistically significant (Wald (1) = 19.288; p < 
.05). The odds ratio associated with HSRANK (e °^ = 1.035) indicated that a one percentile 
point increase in a student's high school rank could increase the probability that the student 
would be retained by 3.5% holding all other variables constant. 
P/zywcs. Goodness-of-fit statistics (-2 Log L = 229.333; Hosmer and Lemeshow 
(8) = 13.150) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 8.7% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 88% of observations. Regression coefficients, Wald statistics, and odds ratios for 
the independent variables are presented in Table 4.8. Wald statistics indicated that two 
variables—TAT and HSRANK—were statistically signiGcant predictors of first-year 
retention/graduation for students enroDed in physics courses in the Fall 1999 semester. 
The number of SI sessions attended (TAT) was statistically signiGcant (Wald (1) = 
2.184; < .05). The odds ratio associated with TAT (e ^°* = 2.031) indicated that attending 
one additional SI session could increased the odds that the student would be retained by 
103.1%, holding all other variables constant. The second signiGcant variable in the model 
was high school rank (HSRANK) (Wald (1) = 3.805; p < .05). The odds ratio associated with 
HSRANK (e ^° = 1.021) indicated that a one percentile increase in a student's high school 
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rank increased the odds that a student would be retained by 2.1%, holding all other variables 
constant. 
«Skmrnafy ofFircf-fear Results summarized in Table 4.26 
illustrate the statistically significant variables for first-year retention/graduation of students 
enrolled in entry-level biology, chemistry, mathematics, and physics courses offering SI 
during the Fall 1999 semester. HSRANK was found to be statistically signiGcant for all 
classes. Other signiGcant variables included attendance at SI sessions (TAT) for biology and 
physics, the number of semesters of high school physics (HSPHYS) for biology, and the 
number of transfer credits was signiGcantly related to student retention/graduation in the Grst 
year for students in biology. Finally, the number of high school semesters in calculus was 
positively related to student retention/graduation during the Grst year for students enrolled in 
math courses. 
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Table 4.6. Multiple Logistic Regression Model-Biology Year 1 (2000) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT .026 .031 .695 1 .405 1.026 
TAT .145 .053 7.621 1 .006 1.157 
LCYESNO(l) .081 .306 .070 1 .792 1.084 
PELL(l) -.258 .234 1.208 .272 .773 
GENDER(1) -.316 .203 2.419 .120 .729 
ETHNIC2(1) -.098 .421 .054 1 .816 .907 
FIRSTGEN(l) .380 .351 1.171 1 .279 1.463 
HSCHEM .127 .139 .836 1 .360 1.135 
HSCALC .050 .147 .114 1 .735 1.051 
HSPHYS .164 .101 2.613 1 .106 1.178 
TRANS .018 .007 5.607 1 .018 1.018 
HSRANK .035 .006 34.233 1 .000 1.035 
Constant -2.100 .883 5.661 1 .017 .122 
Step 2 ACT .024 .030 .647 1 .421 1.025 
TAT .145 .053 7.598 1 .006 1.156 
LCYESNO(l) .081 .306 .070 1 .792 1.084 
PELL(1) -.262 .234 1.256 1 .262 .770 
GENDER(1) -.314 .203 2.386 .122 .731 
FIRSTGEN(1) .373 .350 1.135 1 .287 1.452 
HSCHEM .129 .139 .859 .354 1.137 
HSCALC .052 .147 .127 1 .722 1.054 
HSPHYS .165 .101 2.694 1 .101 1.180 
TTtANS .018 .007 5.587 .018 1.018 
HSRANK .035 .006 34.537 1 .000 1.035 
Constant -2.162 .840 6.631 .010 .115 
Step 3 ACT .024 .030 .619 1 .432 1.024 
TAT .143 .052 7.554 1 .006 1.154 
PELL(l) -.263 .234 1.264 .261 .769 
GENDER(1) -.311 .203 2.354 1 .125 .732 
FIRSTGEN(l) .370 .350 1.120 1 .290 1.448 
HSCHEM .130 .139 .877 1 .349 1.139 
HSCALC .054 .147 .134 1 .714 1.055 
HSPHYS .167 .101 2.738 1 .098 1.181 
TRANS .018 .007 5.764 1 .016 1.018 
HSRANK .035 .006 34.477 .000 1.035 
Constant -2.074 .770 7.248 1 .007 .126 
Step 4 ACT .026 .029 .788 1 .375 1.026 
TAT .144 .052 7.632 1 .006 1.155 
PELL(l) -.261 .234 1.246 1 .264 .770 
GENDER(1) -.313 .203 2.379 1 .123 .731 
FIRSTGEN(l) .363 .349 1.083 1 .298 1.438 
HSCHEM .135 .138 .956 1 .328 1.144 
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Step 5 
Step 6 
Step 7 
Step I 
Step 9 
B S.E. Wald df Sig. Exp(B) 
HSPHYS .172 .100 2.971 1 .085 1.188 
TRANS .018 .007 5.797 1 .016 1.018 
HSRANK .035 .006 35.788 1 .000 1.035 
Constant -2.146 .745 8.301 1 .004 .117 
TAT .142 .052 7.479 1 .006 1.153 
PELL(l) -.247 .234 1.116 1 .291 .781 
GENDER(1) -.317 .203 2.432 1 .119 .729 
FIRSTGEN(l) .377 .350 1.162 1 .281 1.458 
HSCHEM .147 .137 1.147 1 .284 1.158 
HSPHYS .190 .098 3.767 1 .052 1.209 
TRANS .018 .007 5.657 .017 1.018 
HSRANK .037 .005 44.597 1 .000 1.037 
Constant -1.721 .568 9.189 1 .002 .179 
TAT .142 .052 7.548 1 .006 1.153 
GENDER(1) -.298 .202 2.168 1 .141 .743 
FIRSTGEN(l) .320 .346 .854 1 .355 1.377 
HSCHEM .144 .137 1.108 .292 1.155 
HSPHYS .189 .098 3.716 1 .054 1.207 
TRANS .018 .007 5.776 1 .016 1.018 
HSRANK .036 .005 43.996 1 .000 1.037 
Constant -1.834 .559 10.774 1 O
 
O
 
.160 
TAT .142 .052 7.561 1 .006 1.153 
GENDER(1) -.308 .202 2.322 1 .128 .735 
HSCHEM .140 .137 1.055 1 .304 1.151 
HSPHYS .191 .098 3.800 1 .051 1.210 
TRANS .018 .007 5.798 1 .016 1.018 
HSRANK .036 .005 43.959 1 .000 1.037 
Constant -1.524 .444 11.788 1 .001 .218 
TAT .140 .052 7.406 1 .007 1.151 
GENDER(l) -.314 .202 2.424 1 .119 .730 
HSPHYS .193 .098 3.899 1 .048 1.212 
TRANS .017 .007 5.417 1 .020 1.017 
HSRANK .037 .005 48.510 1 .000 1.038 
Constant -1.295 .381 11.560 1 .001 .274 
TAT .138 .052 7.131 .008 1.148 
HSPHYS .211 .097 4.735 .030 1.234 
TRANS .018 .007 5.774 1 .016 1.018 
HSRANK .036 .005 46.537 1 .000 1.036 
Constant -1.398 .374 13.938 ! .000 .247 
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Table 4.7. Multiple Regression Model-Chemistry Year 1 (2000) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.022 .036 .375 1 .540 .978 
TAT .042 .048 .773 1 .379 1.043 
LCYESNO(l) -104 .341 .093 1 .760 .901 
PELL(1) -.072 276 .068 1 .794 .930 
GENDER(1) 105 .243 186 1 .666 1110 
ETHNIC2(1) .754 .437 2.972 1 .085 2126 
FIRSTGEN(l) -.039 .518 .006 1 .940 .962 
HSCHEM .079 139 .325 .568 1.082 
HSCALC .131 134 .944 .331 1139 
HSPHYS 126 126 1.005 1 .316 1135 
TRANS -.003 .007 156 .693 .997 
HSRANK .042 .007 31.807 1 .000 1.043 
Constant -1.534 1.085 1.997 1 158 .216 
Step 2 ACT .022 .036 .380 1 .538 .978 
TAT .042 .048 .769 1 .380 1.043 
LCYESNO(l) -104 .341 .094 1 .760 .901 
PELL(l) -.074 .275 .072 1 .789 .929 
GENDER(l) 105 .243 186 1 .666 1110 
ETHNIC2(1) .755 .438 2.973 1 .085 2.127 
HSCHEM .079 139 .325 1 .569 1.082 
HSCALC 130 134 .940 .332 1139 
HSPHYS 127 126 1.013 1 .314 1135 
TRANS -.003 .007 152 1 .697 .997 
HSRANK .042 .007 32110 1 .000 1.043 
Constant -1.571 969 2.625 1 105 .208 
Step 3 ACT -.023 .036 .399 1 .528 .978 
TAT .042 .048 .775 1 .379 1.043 
LCYESNO(l) 
-104 341 .094 1 .759 .901 
GENDER(l) 106 .243 190 1 .663 1112 
ETHNIC2(1) .738 .433 2.901 1 .089 2.091 
HSCHEM .080 139 .328 1 .567 1.083 
HSCALC 129 134 .921 1 .337 1137 
HSPHYS 125 126 .985 1 .321 1133 
TRANS -.002 .007 140 1 .708 .998 
HSRANK .042 .007 32.014 1 .000 1.043 
Constant -1.594 .966 2.722 1 .099 .203 
Step 4 ACT -.022 036 .384 1 .536 .978 
TAT .043 .048 .795 ! .373 1.044 
GENDER(1) 102 .242 176 1 .675 1107 
ETHNIC2(1) .740 .433 2.922 ! .087 2.096 
HSCHEM .078 .139 314 1 .575 1.081 
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B S.E. Wald df Exp(B) 
HSCALC 128 134 .910 1 .340 1136 
HSPHYS 124 126 969 1 .325 1132 
TRANS -.003 .007 169 1 .681 .997 
HSRANK .042 .007 31.961 1 .000 1.043 
Constant -1.686 919 3.367 1 .067 185 
Step 5 ACT -.021 .036 .357 1 .550 .979 
TAT .043 .048 .815 1 .367 1.044 
GENDER(l) .098 .242 165 1 .685 1103 
ETHNIC2(1) .747 .432 2.994 1 .084 2111 
HSCHEM .084 138 .370 1 .543 1.088 
HSCALC 128 134 .907 1 .341 1.13(5 
HSPHYS 132 124 1.131 1 .288 1141 
HSRANK .042 .007 32.436 1 .000 1.043 
Constant -1.769 .895 3.904 1 .048 170 
Step 6 ACT -.022 .036 .360 1 .549 .979 
TAT .045 .048 .879 .348 1.046 
ETHNIC2(1) .737 .431 2.922 1 .087 2.091 
HSCHEM .086 138 .385 1 .535 1089 
HSCALC 125 134 .871 .351 1133 
HSPHYS 122 121 1.010 .315 1130 
HSRANK .042 .007 34.028 1 .000 1.043 
Constant -1.749 .894 3.828 1 .050 174 
Step? TAT .048 .048 1.005 1 .316 1.049 
ETHNIC2(1) .725 .430 2.843 1 .092 2.064 
HSCHEM .078 137 .325 1 .568 1.081 
HSCALC .104 129 .648 .421 1.110 
HSPHYS 110 120 .845 1 .358 1.116 
HSRANK .041 .007 37.027 .000 1.042 
Constant -2108 .665 10.037 .002 121 
Step 8 TAT .047 .048 .955 1 .329 1.048 
ETHNIC2(1) .721 .430 2.807 1 .094 2.057 
HSCALC 110 129 .727 1 .394 1116 
HSPHYS 116 .119 .952 1 .329 1123 
HSRANK .041 .007 39.518 1 .000 1.042 
Constant -1.995 636 9.850 1 .002 136 
Step9 TAT .045 .048 .889 1 .346 1.046 
ETHNIC2(1) 695 .429 2.628 1 105 2.004 
HSPHYS 139 116 1.449 1 .229 1150 
HSRANK .043 .006 47.331 1 .000 1.044 
Constant 
-2.062 .630 10.723 1 .001 127 
B S.E. Wald df Sis. Exp(B) 
Step 10 ETHNIC2(1) .721 .428 2.840 1 .092 2.056 
HSPHYS 136 .115 1.387 1 .239 1146 
HSRANK .044 .006 48.394 1 .000 1.045 
Constant -2.056 .629 10.675 1 .001 128 
Step 11 ETHNIC2(1) 692 .425 2.644 1 104 1.997 
HSRANK .045 .006 55.941 1 .000 1.046 
Constant -1.959 .621 9.960 1 .002 141 
Step 12 HSRANK .045 .006 55.380 1 .000 1.046 
Constant -1.274 .445 8188 1 .004 280 
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Table 4.8. Multiple Logistic Regression Model-Mathematics Year 1 (2000) 
B S.E. Wald df Sig. Exp(B) 
ACT -.043 .048 .802 1 .370 .958 
TAT .239 .155 2.377 1 .123 1.270 
LCYESNO(l) .097 .520 .035 1 .852 1.102 
PELL(1) -.007 .375 .000 .985 .993 
GENDER(1) .401 .347 1.333 1 .248 1.494 
ETHNIC2(1) .479 .568 .711 1 .399 1.614 
FIRSTGEN(l) .714 .543 1.729 1 .189 2.042 
HSCHEM .000 .181 .000 1 .999 1.000 
HSCALC 
-.349 .161 4.663 1 .031 .706 
HSPHYS .220 .157 1.964 1 .161 1.246 
TRANS .003 .013 .060 1 .806 1.003 
HSRANK .035 .009 15.438 1 .000 1.035 
Constant -.930 1.345 .478 1 .489 .395 
ACT -.043 .048 .812 1 .368 .958 
TAT .239 .155 2.378 1 .123 1.270 
LCYESNO(l) .097 .518 .035 1 .851 1.102 
PELL(l) -.007 .375 .000 1 .984 .993 
GENDER(1) .401 .347 1.333 1 .248 1.494 
ETHNIC2(1) .479 .568 .712 1 .399 1.614 
FIRSTGEN(l) .714 .543 1.731 1 O
O OO 2.042 
HSCALC -.349 .160 4.735 1 .030 .706 
HSPHYS .220 .157 1.968 1 .161 1.246 
TRANS .003 .013 .062 1 .803 1.003 
HSRANK .035 .009 15.438 .000 1.035 
Constant -.930 1.325 .493 1 .483 .394 
ACT -.043 .047 .819 1 .365 .958 
TAT .239 .155 2.378 .123 1.270 
LCYESNO(l) .097 .518 .035 1 .851 1.102 
GENDER(1) .401 .347 1.336 1 248 1.494 
ETHNIC2(1) .477 .555 .736 1 .391 1.611 
FIRSTGEN(1) .713 .539 1.750 .186 2.040 
HSCALC -.349 .160 4.775 1 .029 .705 
HSPHYS .220 .157 1.974 1 .160 1.246 
TRANS .003 .013 .065 1 .799 1.003 
HSRANK .035 .009 15.446 1 .000 1.035 
Constant 
-.932 1.323 .495 1 .482 .394 
Step 1 
Step 2 
Step 3 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT -.043 .047 .818 1 .366 .958 
TAT .237 .154 2.357 1 .125 1.267 
GENDER(1) .405 .347 1.364 1 .243 1.499 
ETHNIC2(1) .469 .554 .716 1 .397 1.598 
FIRSTGEN(l) .710 .539 1.737 1 .188 2.034 
HSCALC -.350 .160 4.794 1 .029 .705 
HSPHYS .218 .156 1.949 1 .163 1.243 
TRANS .003 .013 .073 ! .787 1.003 
HSRANK .034 .009 15.426 1 .000 1.035 
Constant -.824 1.193 .478 .490 .438 
Step 5 ACT -.044 .047 .857 1 .355 .957 
TAT .238 .154 2.384 1 .123 1.269 
GENDER(1) .400 .346 1.335 1 .248 1.492 
ETHNIC2(1) .478 .553 .748 1 .387 1.613 
FIRSTGEN(1) .707 .538 1.724 1 .189 2.027 
HSCALC -.350 .160 4.811 1 .028 .705 
HSPHYS .210 .154 1.879 1 .170 1.234 
HSRANK .034 .009 15.398 .000 1.035 
Constant -.775 1.180 .432 1 .511 .461 
Step 6 ACT -.033 .046 .534 1 .465 .967 
TAT .230 .154 2.222 1 .136 1.258 
GENDER(1) .411 .346 1.416 1 .234 1.509 
FIRSTGEN(1) .729 .538 1.842 1 .175 2.074 
HSCALC -.358 .159 5.038 1 .025 .699 
HSPHYS .200 .152 1.719 1 .190 1.221 
HSRANK .034 .009 14.993 1 .000 1.034 
Constant -.548 1.163 .222 1 .638 .578 
Step 7 TAT .242 .154 2.472 1 .116 1.274 
GENDER(1) .419 .345 1.469 1 .225 1.520 
FIRSTGEN(l) .731 .537 1.852 1 .174 2.077 
HSCALC -.369 .158 5.414 1 .020 .692 
HSPHYS .176 .149 1.395 1 .238 1.192 
HSRANK .032 .008 14.967 1 .000 1.032 
Constant -1.165 .803 2.106 1 .147 .312 
Step 8 TAT .246 .153 2.586 1 .108 1279 
GENDER(1) .367 .342 1.151 1 283 1.443 
FIRSTGEN(l) .745 .536 1.931 1 .165 2.106 
HSCALC -.320 .152 4.438 1 .035 .726 
HSRANK .033 .008 16.414 1 .000 1.033 
Constant -1.013 .793 1.630 1 .202 .363 
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B S.E. Wald df Sig. Exp(B) 
Step 9 TAT .239 .153 2.456 1 .117 1.270 
FIRSTGEN(1) .727 .539 1.819 1 .177 2.069 
HSCALC -.344 .151 5.190 1 .023 .709 
HSRANK .034 .008 18.587 1 .000 1.035 
Constant -.988 .793 1.555 1 .212 .372 
Step 10 TAT 227 .151 2.251 1 .134 1.254 
HSCALC -.346 .151 5.283 1 .022 .707 
HSRANK .033 .008 17.642 1 .000 1.033 
Constant -.214 .531 .163 1 .686 .807 
Step 11 HSCALC -.363 .151 5.807 1 .016 .695 
HSRANK .034 .008 19.288 1 .000 1.035 
Constant -.176 .525 .112 1 .738 .839 
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Table 4.9. Multiple Logistic Regression Model-Physics Year 1 (2000) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT .011 .055 .038 1 .845 1.011 
TAT .719 .485 2.201 1 .138 2.053 
LCYESNO(l) .912 1.346 .459 1 .498 2.489 
PELL(1) .751 .435 2.990 I .084 2.120 
GENDER(1) -.277 .506 .299 1 .584 .758 
ETHNIC2(1) .285 .851 .112 1 .738 1.329 
FIRSTGEN(l) -.048 .788 .004 1 .952 .953 
HSCHEM -.150 .210 .509 1 .475 .861 
HSCALC -.120 .170 .493 1 .483 .887 
HSPHYS -.248 .231 1.152 1 .283 .780 
TRANS -.010 .012 .710 1 .400 .990 
HSRANK .024 .012 3.863 1 .049 1.024 
Constant -.989 2.146 .212 1 .645 .372 
Step 2 ACT .011 .055 .038 1 .845 1.011 
TAT .722 .484 2.231 1 .135 2.059 
LCYESNO(l) .916 1.345 .464 1 .496 2.499 
PELL(1) .753 .434 3.018 1 .082 2.124 
GENDER(1) -.276 .505 .298 1 .585 .759 
ETHNIC2(1) .283 .851 .111 1 .739 1.327 
HSCHEM -.149 209 .507 1 .476 .862 
HSCALC -.120 .170 .497 1 OO .887 
HSPHYS -.249 .231 1.165 1 .280 .780 
TRANS -.010 .012 .707 1 .400 .990 
HSRANK .024 .012 3.871 1 .049 1.024 
Constant -1.039 1.973 .277 1 .598 .354 
Step 3 TAT .717 .482 2.212 1 .137 2.047 
LCYESNO(l) .925 1.344 .474 1 .491 2.523 
PELL(l) .760 .432 3.093 1 .079 2.139 
GENDER(1) -.277 .505 .301 1 .583 .758 
ETHNIC2(1) .321 .829 .150 1 .699 1.378 
HSCHEM -.141 .205 .475 1 .491 .868 
HSCALC 
-.112 .165 .462 1 .497 .894 
HSPHYS -.243 .229 1.127 1 .288 .784 
TRANS -.010 .012 .681 1 .409 .990 
HSRANK .025 .012 4.544 1 .033 1.025 
Constant -.906 1.852 .239 1 .625 .404 
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B S.E. Wald df Sig. Exp(B) 
Step 4 TAT .705 .478 2.169 1 .141 2.023 
LCYESNO(l) .898 1.342 .447 1 .504 2.454 
PELL(1) .763 .432 3.125 .077 2.145 
GENDER(1) 
-.293 .503 .340 1 .560 .746 
HSCHEM -.146 .204 .511 1 .474 .864 
HSCALC -.109 .165 .433 1 .511 .897 
HSPHYS -.243 .229 1.120 1 .290 .785 
TRANS -.010 .012 .739 1 .390 .990 
HSRANK .025 .012 4.560 1 .033 1.025 
Constant -.564 1.626 .120 1 .729 .569 
Step 5 TAT .668 .464 2.074 1 .150 1.950 
LCYESNO(l) .880 1.337 .434 1 .510 2.411 
PELL(1) .729 .427 2.918 1 .088 2.073 
HSCHEM -.141 .204 .474 1 .491 .869 
HSCALC -.110 .165 .443 1 .506 .896 
HSPHYS -.239 .229 1.086 1 .297 .788 
TRANS -.010 .012 .727 .394 .990 
HSRANK .024 .011 4.284 1 .038 1.024 
Constant -.492 1.617 .093 1 .761 .611 
Step 6 TAT .651 .458 2.018 1 .155 1.917 
PELL(l) .742 .425 3.053 1 .081 2.101 
HSCHEM -.145 .203 .510 1 .475 .865 
HSCALC -.103 .165 .393 .530 .902 
HSPHYS -.235 229 1.053 .305 .791 
TRANS -.011 .012 .894 1 .344 .989 
HSRANK .024 .011 4.530 1 .033 1.024 
Constant .330 1.028 .103 1 .748 1.392 
Step 7 TAT .670 .463 2.094 1 S
 
O
O
 1.955 
PELL(l) .720 .423 2.899 1 .089 2.054 
HSCHEM -.160 .202 .627 1 .429 .852 
HSPHYS -.265 .224 1.399 1 .237 .767 
TRANS 
-.012 .012 1.037 1 .308 .988 
HSRANK .023 .011 4.198 1 .040 1.023 
Constant .450 1.012 .197 1 .657 1.568 
Step 8 TAT .695 .473 2.160 1 .142 2.005 
PELL(l) .689 .419 2.702 1 .100 1.992 
HSPHYS -.279 .223 1.561 1 .212 .757 
TRANS 
-.011 .012 .867 1 .352 .989 
HSRANK .021 .011 3.784 1 .052 1.022 
Constant .244 .980 .062 1 .803 1.277 
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Step 9 TAT .699 .472 2.187 .139 2.011 
PELL(l) .687 .418 2.708 .100 1.989 
HSPHYS -.212 .211 1.013 .314 .809 
HSRANK .023 .011 4.755 .029 1.024 
Constant -.118 .900 .017 .896 .889 
Step 10 TAT .693 .470 2.171 .141 1.999 
PELL(l) .609 .409 2.214 .137 1.838 
HSRANK .021 .011 4.138 .042 1.022 
Constant -.307 .871 .125 .724 .735 
Step 11 PELL(1) .616 .404 2.325 .127 1.852 
HSRANK .025 .010 6.236 .013 1.026 
Constant -.414 .851 .237 .626 .661 
Step 12 HSRANK .024 .010 5.750 .016 1.025 
Constant .163 .760 .046 .830 1.177 
Step 13 TAT .708 .479 2.184 .139 2.031 
HSRANK .020 o
 
o
 
3.805 .051 1.021 
Constant .250 .784 .102 .749 1.284 
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jMo/ogy. Goodness-of-Gt statistics (-2 Log L = 916.669; Hosmer and Lemeshow 
(8) = 7.838) summarized in Table 4.5 indicated that the overall model of fit was questionable. 
The Nagelkerke R? statistics indicated that the model explained 11.9% of the variation found 
in the dependent variable. However, the model was fairly accurate correctly classifying 
77.6% of observations. Regression coefficients, Wald statistics, and odds ratios for the 
independent variables are presented in Table 4.10. Wald statistics indicated that three 
variables—GENDER, TRANS and HSRANK—were statistically significant predictors of 
second year retention/graduation for students enrolled in biology courses in the Fall 1999 
semester. 
Student's gender (GENDER) was statistically significant (Wald (1) = 8.481;/? < .05). 
The odds ratio associated with TAT (e" ^  = .596) indicated that if a student was classified as 
male, the odds that the student would be retained increased by 59.6%, holding all other 
variables constant. The second significant variable in the model was the number of transfer 
credits a student completed (TRANS) (Wald (1) = 11.251; p < .05). The odds ratio associated 
with TRANS (e ^  = 1.024) indicated that a one additional transfer credit earned would 
increase the odds by 2.4% that the student would be retained holding all other variables 
constant. Finally, the last significant variable in the model was high school rank (HSRANK.) 
(Wald (1) = 63.908;p < .05). The odds ratio associated with HSRANK (e °^ = 1.038) 
indicated that as student's high school rank increased by one percentile, the odds that the 
student would be retained by increased by 3.8% holding all other variables constant. 
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CTfemisfry. Goodness-of-Gt statistics (-2 Log L = 763.046; Hosmer and Lemeshow 
(8) = 16.722) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 9.5% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 84.4% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.11. Wald statistics found that high 
school rank (Wald (1) = 63.908; < .05) was the only statistically significant predictor of 
second year retention/graduation for students enrolled in chemistry courses in the Fall 1999 
semester. The odds ratio associated with HSRANK (e °^ = 1.039) indicated that as a 
student's high school rank increased by one percentile point, the odds increased that the 
student would be retained by 3.9% holding all other variables constant. 
MafAemafzcs. Similar to the findings for Chemistry, high school rank was the only 
statistically significant variable that helped to predict second year student 
retention/graduation for students enrolled in mathematics during the Fall 1999 semester. 
Goodness-of-fit statistics (-2 Log L = 466.222; Hosmer and LemeshowA^ (8)= 10.182) 
summarized in Table 4.5 indicated that the overall model of fit was questionable. The 
Nagelkerke R^ statistics indicated that the model explained 12.6% of the variation found in 
the dependent variable. However, the model was fairly accurate by correctly classifying 
80.7% of observations. 
Regression coefficients, Wald statistics, and odds ratios for the independent variables 
are presented in Table 4.12. Wald statistics (Wald (1) = 39.314; < .05) for high rank and 
the odds ratio (e ^  = 1.041) indicated that a one percentile point increase in a student's high 
school rank would increase the odds that a student would be retained by 4.1% holding all 
other variables constant. 
PAya/cs. Goodness-of-fit statistics (-2 Log L = 283.577; Hosmer and Lemeshow 
(8) = 15.720, ,0.05) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 15.8% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 81.7% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.13. Wald statistics indicated that four 
variables—PELL, HSCALC, HSPHYS, and HSRANK—were statistically significant 
predictors of second-year retention/graduation for students enrolled in physics courses in the 
Fall 1999 semester. 
Student's eligibility for a federally funded Pell Grant (PELL) was statistically 
significant (Wald (1) = 5.251;< .05). The odds ratio associated with PELL (e *^ = 2.375) 
indicated that if a student was correctly classified as a non-Pell Grant recipient increased the 
odds that the student would be retained increased by 37.5% that a student would be retained 
or graduate. The second significant variable in the model was the number of semesters a 
student completed in calculus (HSCALC) (Wald (1) = 7.482; < .05). The odds ratio 
associated with HSCALC (e" ^ = .678) indicated that there would be a 67.8% increase in the 
odds that a student would be retained or graduate if the student earned one additional transfer 
credit. 
The third significant variable in the model was the number of semesters of high 
school physics the student completed (Wald (1) = 4.677; < .05). The odds ratio (e" ^ = 
.678) associated with HSPHYS indicated that there would be a 67.8% increase in the odds 
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that the student would be retained or graduate if the student had one additional semester of 
high school physics. Finally, the last significant variable in the model was high school rank 
(HSRANK) (Wald (1) = 23.394; ^  < .05). The odds ratio associated with HSRANK (e^ = 
1.049) indicated that as a student's high school rank increased by one percentile point, the 
probability that the student would be retained increased by 4.9% holding all other variables 
constant. 
,Sw7MMKZ/y of .SeccW Tear Results summarized in Table 4.26 
illustrate the statistically significant variables for second-year retention/graduation of 
students enrolled in entry level biology, chemistry, mathematics, and physics courses 
offering SI during the Fall 1999 semester. High school rank (HSRANK) was found to be 
statistically significant for all classes. Other significant variables included transfer credits 
(TRANS) earned for biology and students who were Pell Grant eligible (PELL) in physics 
were less likely to be retained than non-Pell Grant eligible students. Male students were 
found to be more likely than female students to be retained or graduate in biology courses. 
Finally, more semesters of high school calculus (HSCALC) and physics (HSPHYS) was 
positively related to student retention/graduation during the second-year for students enrolled 
in physics courses. 
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Table 4.10. Multiple Logistic Regression Model-Biology Year 2 (2001) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT .031 .027 1.336 1 .248 1.031 
TAT .026 .029 .794 1 .373 1.026 
LCYESNO(l) .363 243 2.233 1 .135 1.438 
PELL(l) -.124 .200 .387 1 .534 .883 
GENDER(l) -.507 .180 7.914 1 .005 .602 
ETHNIC2(1) .201 .338 .353 1 .552 1.223 
FIRSTGEN(1) .189 .317 .354 1 .552 1.208 
HSCHEM -.003 .115 .001 1 .978 .997 
HSCALC -.034 .116 .086 1 .770 .967 
HSPHYS .073 .087 .699 1 .403 1.076 
TRANS .024 .007 10.727 1 .001 1.024 
HSRANK .034 .005 40.473 1 .000 1.035 
Constant -2.502 .744 11.309 1 .001 .082 
Step 2 ACT .031 .027 1.340 1 .247 1.031 
TAT .026 .029 .796 .372 1.026 
LCYESNO(l) .363 .243 2.233 1 .135 1.438 
PELL(1) -.124 .200 .387 .534 .883 
GENDER(1) 
-.507 O O
O 
7.914 1 .005 .602 
ETHNIC2(1) .201 .338 .355 1 .551 1.223 
FIRSTGEN(l) .189 .317 .356 .551 1.208 
HSCALC 
-.034 .115 .089 1 .765 .966 
HSPHYS .073 .087 .700 1 .403 1.076 
TRANS .024 .007 10.788 1 .001 1.024 
HSRANK .034 .005 40.979 1 .000 1.035 
Constant -2.507 .724 12.001 1 .001 .082 
Step 3 ACT .029 .026 1.252 1 .263 1.029 
TAT .026 .029 .775 1 .379 1.026 
LCYESNO(l) .361 .243 2.203 1 .138 1.434 
PELL(l) -.127 .199 .407 1 .524 .881 
GENDER(1) 
-.506 .180 7.888 1 .005 .603 
ETHNIC2(1) .210 .337 .390 .532 1.234 
FIRSTGEN(1) .192 .316 .367 1 .545 1.211 
HSPHYS .070 .087 .648 1 .421 1.072 
TRANS .024 .007 10.767 1 .001 1.024 
HSRANK .034 .005 41.352 1 .000 1.035 
Constant 
-2.461 .707 12.121 1 .000 .085 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT .029 .026 1.282 1 .258 1.030 
TAT .026 .029 .782 ! .377 1.026 
LCYESNO(l) .357 .243 2.159 1 .142 1.429 
PELL(1) -.111 .197 .316 1 .574 .895 
GENDER(l) -.510 .180 7.992 .005 .601 
ETHNIC2(1) .230 .335 .470 .493 1.258 
HSPHYS .071 .087 .673 1 .412 1.074 
TRANS .024 .007 10.819 .001 1.024 
HSRANK .034 .005 41.242 1 .000 1.034 
Constant -2.313 .663 12.167 1 .000 .099 
Step 5 ACT .028 .026 1.205 1 .272 1.029 
TAT .026 .029 .823 1 .364 1.027 
LCYESNO(l) .363 .242 2.241 1 .134 1.437 
GENDER(1) -.502 .180 7.816 1 .005 .605 
ETHNIC2(1) .210 .333 .397 1 .529 1.234 
HSPHYS .071 .087 .664 1 .415 1.073 
TRANS .024 .007 10.959 1 .001 1.024 
HSRANK .034 .005 41.104 1 .000 1.034 
Constant -2.362 .657 12.906 1 .000 .094 
Step 6 ACT .031 .025 1.550 .213 1.032 
TAT .027 .029 .863 1 .353 1.027 
LCYESNO(l) .361 .242 2.224 1 .136 1.435 
GENDER(1) -.508 .179 8.030 1 .005 .601 
HSPHYS .066 .086 .586 1 .444 1.068 
TRANS .024 .007 11.098 1 .001 1.024 
HSRANK .033 .005 40.707 1 .000 1.034 
Constant -2.212 .614 12.978 .000 .109 
Step 7 ACT .035 .025 2.032 1 .154 1.036 
TAT .028 .029 .897 1 .344 1.028 
LCYESNO(l) .370 .242 2.336 1 .126 1.447 
GENDER(1) -.521 .179 8.529 1 .003 .594 
TRANS .024 .007 10.731 1 .001 1.024 
HSRANK .034 .005 42.587 .000 1.035 
Constant -2.257 .611 13.644 1 .000 .105 
Step 8 ACT .034 .025 1.871 1 .171 1.034 
LCYESNO(l) .316 .235 1.805 1 .179 1.372 
GENDER(1) -.508 .178 8.143 1 .004 .602 
TRANS .024 .007 10.912 1 .001 1.024 
HSRANK .035 .005 45.133 1 .000 1.035 
Constant 
-2.196 .608 13.049 1 .000 .111 
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B S JE. Wald df Sig. Exp(B) 
Step 9 ACT .033 .025 1.763 1 .184 1.033 
GENDER(1) -.501 .178 7.949 1 .005 .606 
TRANS .025 .007 11.703 1 .001 1.025 
HSRANK .034 .005 44.290 1 .000 1.035 
Constant -1.876 .557 11.361 1 .001 .153 
Step 10 GENDER(l) -.517 .178 8.481 1 .004 .596 
TRANS .024 .007 11.251 1 .001 1.024 
HSRANK .037 .005 63.908 1 .000 1.038 
Constant -1.302 .346 14.140 1 .000 272 
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Table 4.11. Multiple Logistic Regression Model-Chemistry Year 2 (2001) 
Step 1 
Step 2 
Step 3 
B S.E. Wald df Sig. Exp(B) 
ACT -.001 .031 .002 1 .962 .999 
TAT .003 .034 .006 1 .941 1.003 
LCYESNO(l) .395 .257 2.362 1 .124 1.485 
PELL(1) .254 .225 1.279 1 .258 1.289 
GENDER(1) -.075 .201 .140 1 .708 .928 
ETHNIC2(1) .461 .388 1.416 1 .234 1.586 
FIRSTGEN(l) -.843 .546 2.382 1 .123 .430 
HSCHEM -.197 .112 3.106 1 .078 .821 
HSCALC .135 .109 1.536 1 .215 1.145 
HSPHYS .077 .105 .527 1 .468 1.080 
TRANS .005 .007 .466 1 .495 1.005 
HSRANK .037 .007 32.523 1 .000 1.038 
Constant -1.091 .972 1.259 1 .262 .336 
TAT .003 .034 .006 1 .936 1.003 
LCYESNO(l) .396 .257 2.366 1 .124 1.485 
PELL(l) .253 .224 1.279 1 .258 1.288 
GENDER(l) -.075 .201 .139 1 .709 .928 
ETHNIC2(1) .460 .387 1.414 1 .234 1.585 
FIRSTGEN(l) -.844 .546 2.386 1 .122 .430 
HSCHEM -.197 .111 3.134 .077 .821 
HSCALC .134 .105 1.617 1 .203 1.143 
HSPHYS .076 .104 .527 1 .468 1.079 
TRANS .005 .007 .469 1 .494 1.005 
HSRANK .037 .006 37.929 1 .000 1.038 
Constant -1.114 .837 1.771 1 .183 .328 
LCYESNO(l) .395 .257 2.360 1 .124 1.484 
PELL(l) .253 .224 1.276 1 .259 1.288 
GENDER(1) -.073 .200 .135 1 .714 .929 
ETHNIC2(1) .462 .387 1.430 232 1.588 
FIRSTGEN(l) -.842 .546 2.380 1 .123 .431 
HSCHEM -.198 .111 3.156 1 .076 .821 
HSCALC .134 .105 1.612 1 .204 1.143 
HSPHYS .076 .104 .527 1 .468 1.079 
TRANS .005 .007 .469 1 .494 1.005 
HSRANK .037 .006 38.214 1 .000 1.038 
Constant 
-1.115 .837 1.773 1 .183 .328 
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B S.E. Wald df Sig. Exp(B) 
Step 4 LCYESNO(l) .391 .257 2.319 1 .128 1.479 
PELL(l) .254 .224 1.286 1 .257 1.289 
ETHNIC2(1) .466 .386 1.452 1 .228 1.593 
FIRSTGEN(l) -.840 .546 2.369 1 .124 .432 
HSCHEM -.199 .111 3.199 1 .074 .820 
HSCALC .135 .105 1.656 1 .198 1.145 
HSPHYS .083 .103 .653 1 .419 1.087 
TRANS .005 .007 .453 1 .501 1.005 
HSRANK .037 .006 39.021 1 .000 1.037 
Constant -1.120 .837 1.793 1 .181 .326 
Step 5 LCYESNO(l) .411 .255 2.585 1 .108 1.508 
PELL(l) .244 .224 O
O OO 1 .276 1.276 
ETHNIC2(1) .464 .386 1.444 1 .230 1.590 
FIRSTGEN(l) -.868 .546 2.525 1 .112 .420 
HSCHEM -.206 .110 3.468 1 .063 .814 
HSCALC .136 .105 1.674 1 .196 1.146 
HSPHYS .072 .102 .510 1 .475 1.075 
HSRANK .036 .006 38.549 .000 1.037 
Constant -1.008 .821 1.508 1 .220 .365 
Step 6 LCYESNO(l) .410 .255 2.585 1 .108 1.507 
PELL(1) .256 .223 1.324 1 .250 1.292 
ETHNIC2(1) .447 .385 1.346 1 .246 1.563 
FIRSTGEN(1) -.872 .545 2.557 1 .110 .418 
HSCHEM -.200 .110 3.292 1 .070 .818 
HSCALC .151 .103 2.138 .144 1.163 
HSRANK .037 .006 40.773 1 .000 1.038 
Constant -.955 .817 1.365 1 .243 .385 
Step? LCYESNO(l) .409 .255 2.576 1 .108 1.506 
ETHNIC2(1) .500 .382 1.714 1 .190 1.648 
FIRSTGEN(1) -.826 .545 2.298 1 .130 .438 
HSCHEM OO .110 3.224 1 .073 .821 
HSCALC .159 .103 2.385 1 .122 1.172 
HSRANK .037 .006 41.680 1 .000 1.038 
Constant -.881 .814 1.172 1 .279 .414 
Step 8 LCYESNO(l) .403 .255 2.494 1 .114 1.496 
HRSTGEN(l) -.811 .540 2.254 1 .133 .444 
HSCHEM 
-.198 .110 3.258 1 .071 .820 
HSCALC .150 .102 2.136 i .144 1.161 
HSRANK .037 .006 41.308 1 .000 1.038 
Constant 
-.399 .721 .306 1 .580 .671 
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B S.E. Wald df Sig. Exp(B) 
Step 9 LCYESNO(l) .404 .255 2.522 1 .112 1.498 
FIRSTGEN(1) -.784 .539 2.111 1 .146 .457 
HSCHEM -.177 .108 2.661 1 .103 .838 
HSRANK .040 .005 53.545 1 .000 1.041 
Constant -.586 .710 .681 1 .409 .556 
Step 10 LCYESNO(l) .402 .254 2.506 1 .113 1.495 
HSCHEM -.178 o
 
O
O
 2.716 1 .099 .837 
HSRANK .040 .005 54.415 1 .000 1.041 
Constant -1.352 .478 8.000 1 .005 .259 
Step 11 HSCHEM -.175 .108 2.616 1 .106 .840 
HSRANK .040 .005 54.529 1 .000 1.041 
Constant -1.013 .426 5.651 1 .017 .363 
Step 12 HSRANK .038 .005 52.441 1 .000 1.039 
Constant -1.251 .401 9.746 1 .002 .286 
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Table 4.12. Multiple Logistic Regression Model-Mathematics Year 2 (2001) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.017 .041 .175 1 .675 .983 
TAT .204 .108 3.594 1 .058 1.227 
LCYESNO(l) .374 .419 .796 .372 1.453 
PELL(l) .055 .309 .032 1 .859 1.056 
GENDER(1) .168 .279 .362 1 .547 1.183 
ETHNIC2(1) .774 .463 2.793 1 .095 2.168 
FIRSTGEN(1) .809 .466 3.014 1 .083 2.245 
HSCHEM .020 .155 .018 .895 1.021 
HSCALC -.113 .140 .651 1 .420 .893 
HSPHYS .166 .130 1.630 1 .202 1.181 
TRANS .004 .010 .184 1 .668 1.004 
HSRANK .043 .008 30.722 1 .000 1.044 
Constant -3.491 1.134 9.474 1 .002 .030 
Step 2 ACT -.016 .040 .166 .684 .984 
TAT .205 o
 
OO 3.612 1 .057 1.227 
LCYESNO(l) .370 .418 .784 1 .376 1.448 
PELL(1) .055 .309 .032 .859 1.056 
GENDER(1) O
O <o 
279 .362 1 .547 1.183 
ETHNIC2(1) .776 .463 2.815 1 .093 2.173 
FIRSTGEN(l) .811 .465 3.041 1 .081 2.251 
HSCALC -.110 .138 .634 1 .426 .896 
HSPHYS .167 .130 1.653 1 .199 1.182 
' TRANS .004 .010 .172 1 .678 1.004 
HSRANK .043 .008 30.746 .000 1.044 
Constant -3.466 1.118 9.610 1 .002 .031 
Step 3 ACT -.016 .040 .157 .692 .984 
TAT .204 .108 3.604 .058 1.227 
LCYESNO(l) .370 .418 .783 I .376 1.448 
GENDER(1) .165 .278 .353 1 .552 1.180 
ETHNIC2(1) .793 .452 3.079 1 .079 2211 
FIRSTGEN(l) .823 .460 3.198 1 .074 2278 
HSCALC -.109 .138 .618 1 .432 .897 
HSPHYS .167 .130 1.642 .200 1.181 
TRANS .004 .010 .156 1 .693 1.004 
HSRANK .043 .008 30.750 1 .000 1.044 
Constant 
-3.456 1.117 9.576 1 .002 .032 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT -.017 .040 .185 1 .667 .983 
TAT 206 .108 3.645 1 .056 1.228 
LCYESNO(l) .385 .417 .854 1 .356 1.469 
GENDER(1) .160 .278 .330 1 .566 1.173 
ETHNIC2(1) .804 .451 3.187 .074 2.235 
FIRSTGEN(l) O
S OO 
.459 3.177 1 .075 2.268 
HSCALC -.109 .138 .628 1 .428 .896 
HSPHYS .158 .128 1.520 .218 1.171 
HSRANK .043 .008 30.804 .000 1.044 
Constant -3.413 1.111 9.432 1 .002 .033 
Step 5 TAT .210 .107 3.832 1 .050 1.234 
LCYESNO(l) .389 .417 .868 1 .351 1.475 
GENDER(1) .167 .277 .364 1 .547 1.182 
ETHNIC2(1) .749 .431 3.020 1 .082 2.115 
FIRSTGEN(1) .817 .460 3.157 1 .076 2.263 
HSCALC -.116 .137 .713 1 .398 .890 
HSPHYS .145 .125 1.358 1 .244 1.156 
HSRANK .041 .007 34.106 1 .000 1.042 
Constant -3.676 .932 15.551 .000 .025 
Step 6 TAT .208 .107 3.749 1 .053 1.231 
LCYESNO(l) .404 .416 .941 1 .332 1.498 
ETHNIC2(1) .752 .430 3.057 1 .080 2.121 
FIRSTGEN(l) .814 .460 3.134 1 .077 2.257 
HSCALC -.126 .137 .846 1 .358 .882 
HSPHYS .135 .123 1.194 .275 1.144 
HSRANK .042 .007 37.061 1 .000 1.043 
Constant -3.683 .931 15.639 1 .000 .025 
Step 7 TAT .213 .107 3.972 1 .046 1.238 
LCYESNO(l) .420 .415 1.025 1 .311 1.522 
ETHNIC2(1) .766 .430 3.182 1 .074 2.152 
FIRSTGEN(l) .810 .458 3.122 1 .077 2.248 
HSPHYS .107 .119 .805 1 .370 1.113 
HSRANK .041 .007 36.944 1 .000 1.042 
Constant -3.638 .929 15.349 1 .000 .026 
Step 8 TAT .215 .107 4.039 1 .044 1240 
LCYESNO(l) .377 .412 .837 1 .360 1.458 
ETHNIC2(1) .747 .429 3.033 1 .082 2.111 
FIRSTGEN(l) .823 .456 3.250 1 .071 2.277 
HSRANK .042 .007 39.764 1 .000 1.043 
Constant -3.504 .915 14.647 1 .000 .030 
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B S.E. Wald df Sig. Exp(B) 
Step 9 TAT .208 .106 3.837 1 .050 1.231 
ETHNIC2(1) .717 .427 2.814 1 .093 2.048 
FIRSTGEN(1) .813 .455 3.194 1 .074 2256 
HSRANK .041 .007 39.225 1 .000 1.042 
Constant -3.083 .785 15.431 1 .000 .046 
Step 10 TAT .184 .103 3.176 1 .075 1.202 
FIRSTGEN(l) .854 .453 3.543 1 .060 2.348 
HSRANK .041 .007 39.630 .000 1.042 
Constant -2.462 .687 12.841 1 .000 .085 
Step 11 FIRSTGEN(l) .763 .451 2.864 1 .091 2.144 
HSRANK .042 .007 40.900 1 .000 1.043 
Constant -2.295 .673 11.644 1 .001 .101 
Step 12 HSRANK .040 .006 39.314 1 .000 1.041 
Constant 
-1.490 .461 10.438 1 .001 .225 
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Table 4.13. Multiple Logistic Regression Model-Physics Year 2 (2001) 
Step 1 
Step 2 
Step 3 
B S.E. Wald df Sig. Exp(B) 
ACT -.026 .049 .280 1 .597 .974 
TAT .202 .121 2.773 1 .096 1.224 
LCYESNO(l) -19.898 18800.746 .000 1 .999 .000 
PELL(1) .904 .394 5250 1 .022 2.469 
GENDER(l) .598 .522 1.311 1 .252 1.818 
ETHNIC2(1) .449 .770 .340 I .560 1.567 
FIRSTGEN(l) -.187 .695 .073 1 .788 .829 
HSCHEM -.316 .185 2.924 1 .087 .729 
HSCALC -.299 .152 3.897 1 .048 .741 
HSPHYS -.390 .208 3.520 1 .061 .677 
TRANS -.007 .011 .356 1 .551 .993 
HSRANK .048 .012 17.555 1 .000 1.050 
Constant 19.030 18800.746 .000 1 .999 183941443.202 
ACT -.028 .049 .318 1 .573 .973 
TAT .199 .122 2.680 1 .102 1.220 
PELL(1) .881 .393 5.023 1 .025 2.413 
GENDER(1) .604 .522 1.337 .248 1.829 
ETHNIC2(1) .487 .770 .401 .527 1.628 
FIRSTGEN(l) -.164 .695 .056 1 .813 .849 
HSCHEM -.307 .185 2.752 1 .097 .736 
HSCALC -.309 .152 4.162 .041 .734 
HSPHYS -.397 .207 3.667 1 .055 .672 
TRANS -.005 .011 .204 1 .651 .995 
HSRANK .048 .012 17.179 1 .000 1.049 
Constant -.808 1.443 .313 1 .576 .446 
ACT -.028 .049 .329 1 .566 .972 
TAT .200 .122 2.697 1 .101 1.222 
PELL(1) .885 .392 5.081 1 .024 2.422 
GENDER(l) .604 .522 1.338 1 .247 1.830 
ETHNIC2(1) .469 .767 .374 1 .541 1.599 
HSCHEM -.304 .184 2.717 .099 .738 
HSCALC -.309 .152 4.170 1 .041 .734 
HSPHYS -.399 .207 3.711 1 .054 .671 
TRANS -.005 .011 .204 1 .651 .995 
HSRANK .048 .012 17.198 1 .000 1.049 
Constant -.939 1.328 .500 1 .479 .391 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT -.031 .049 .389 1 .533 .970 
TAT .194 .121 2.568 1 .109 1.214 
PELL(l) .885 .392 5.085 1 .024 2.422 
GENDERfl) .612 .522 1.378 .240 1.845 
ETHNIC2(1) .484 .770 .396 .529 1.623 
HSCHEM -.292 .183 2.561 1 .110 .746 
HSCALC -.319 .151 4.490 1 .034 .727 
HSPHYS -.366 .193 3.582 1 .058 .694 
HSRANK .049 .011 18.609 1 .000 1.050 
Constant -1.087 1287 .714 1 .398 .337 
Step 5 TAT .201 .122 2.700 1 .100 1.223 
PELL(1) .864 .391 4.883 1 .027 2.372 
GENDER(1) .620 .522 1.412 1 .235 1.859 
ETHNIC2(1) .386 .752 .263 1 .608 1.471 
HSCHEM -.307 .181 2.873 1 .090 .735 
HSCALC -.342 .146 5.473 1 .019 .710 
HSPHYS -.378 .192 3.873 1 .049 .685 
HSRANK .047 .011 19.025 .000 1.048 
Constant 
-1.518 1.088 1.949 1 .163 .219 
Step 6 TAT .200 .121 2.729 1 .099 1.221 
PELL(1) .875 .389 5.054 1 .025 2.399 
GENDER(1) .603 .521 1.343 1 .247 1.828 
HSCHEM -.314 .181 3.013 1 .083 .731 
HSCALC -.340 .146 5.395 1 .020 .712 
HSPHYS -.376 .192 3.834 1 .050 .687 
HSRANK .047 .011 19.330 .000 1.048 
Constant -1.169 .844 1.919 1 .166 .311 
Step 7 TAT .217 .124 3.087 1 .079 1243 
PELL(l) .930 .387 5.777 .016 2.535 
HSCHEM -.328 .180 3.329 .068 .720 
HSCALC -.335 .145 5.331 1 .021 .715 
HSPHYS 
-.381 .192 3.947 1 .047 .683 
HSRANK .049 .011 21.768 1 .000 1.050 
Constant -1.267 .841 2.273 1 .132 282 
Step 8 PELL(1) .951 .384 6.128 .013 2.589 
HSCHEM 
-.324 .180 3.261 1 .071 .723 
HSCALC 
-.368 .144 6.523 1 .011 .692 
HSPHYS 
-.387 .193 4.041 1 .044 .679 
HSRANK .051 .010 24.740 1 .000 1.052 
Constant 
-1.265 .833 2.308 1 .129 282 
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B S.E. Wald df Sig. Exp(B) 
Step 9 PELL(l) .865 .378 5.251 1 .022 2.375 
HSCALC -.388 .142 7.482 1 .006 .678 
HSPHYS -.413 .191 4.677 ! .031 .662 
HSRANK .047 .010 23.394 1 .000 1.049 
Constant -1.597 .806 3.926 1 .048 .203 
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Tear 3 
.BWogy. Goodness-of-Gt statistics (-2 Log L = 966.840; Hosmer and Lemeshow 
(8) = 8.269) summarized in Table 4.5 indicated that the overall model of fit was questionable. 
The Nagelkerke R^ statistics indicated that the model explained 9.9% of the variation found 
in the dependent variable. However, the model was fairly accurate correctly classifying 
75.9% of observations. Regression coefficients, Wald statistics, and odds ratios for the 
independent variables are presented in Table 4.14. Wald statistics indicated that several 
variables—GENDER, TRANS, and HSRANK—were statistically significant predictors of 
third-year retention/graduation for students enrolled in biology courses in the Fall 1999 
semester. 
Gender was statistically significant (Wald (1) = 6.852; p < .05). The odds ratio 
associated with TAT (e" ^ = .639) indicated that being male was positively associated with 
student retention/graduation in this model and that male students had a 63.9% probability of 
being retained or graduating. The number of transfer credits (TRANS) was also statistically 
significant (Wald (1) = 9.093; < .05). The odds ratio associated with TRANS (e ^ ° = 1.020) 
indicated that one additional transfer credit could increase the odds that the student would be 
retained increased by 2.0%, holding all other variables constant. The final independent 
variable in this model found to be statistically significant was high school rank (HSRANK) 
(Wald (1) = 55.319;^ < .05). The odds ratio associated with HSRANK (e°^ = 1.034) 
indicated that a one percentile point increase in student's high school rank increased the odds 
that the student would be retained increased by 3.4%, holding all other variables constant. 
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CAemMAy. Goodness-of-Gt statistics (-2 Log L = 826.031; Hosmer and Lemeshow 
(8) = 10.408) summarized in Table 4.5 indicated that the overall model of St was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 8.3% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 82.5% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.15. Wald statistics found that high 
school rank (Wald (1) = 48.019; < .05) was the only statistically significant predictor of 
third-year retention/graduation for students enrolled in chemistry courses in the Fall 1999 
semester. The odds ratio associated with HSRANK (e °^ = 1.035) indicated that a one 
percentile point increase in a student's high school rank increased the odds that the student 
would be retained by 3.5% holding all other variables constant. 
Mzf&emwzfzc?. Similarly to the findings for chemistry, Wald statistics found that high 
school rank (Wald (1) = 36.752; < .05) was the only statistically significant predictor of 
third-year retention/graduation for students enrolled in mathematics courses in the Fall 1999 
semester. Goodness-of-fit statistics (-2 Log L = 507.134; Hosmer and Lemeshow (8) = 
10.493) summarized in Table 4.5 indicated that the overall model of fit was questionable. 
The Nagelkerke R^ statistics indicated that the model explained 11.2% of the variation found 
in the dependent variable. However, the model was fairly accurate by correctly classifying 
78% of observations. Regression coefficients, Wald statistics, and odds ratios for the 
independent variables are presented in Table 4.16. The odds ratio associated with HSRANK 
(g °^ = 1.038) indicated that a one percentile point increase in a student's high school rank 
increased the odds that the student would be retained by 3.8%, holding all other variables 
constant. 
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P&yazcs. Goodness-of-Gt statistics (-2 Log L = 287.369; Hosmer and Lemeshow 
(8)= 5.163,/) ,0.05) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 17.7% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 80.6% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.17. Wald statistics indicated that four 
variables—PELL, HSCALC, HSCHEM, and HSRANK—were statistically significant 
predictors of third-year retention/graduation for students enrolled in physics courses in the 
Fall 1999 semester. 
Student's eligibility for a federally funded Pell Grant (PELL) was statistically 
significant (Wald (1) = 6.099; ^  < .05). The odds ratio associated with PELL (e ^ = 2.511) 
indicated that a student who was Pell Grant Ehgible was 51.1% less likely to be retained than 
a non-Pell Eligible student enrolled in Physics courses. The second significant variable in 
the model was the number of semesters a student completed in calculus (HSCALC) (Wald 
(1) = 11.493; p < .05). The odds ratio associated with HSCALC (e" ^ = .622) indicated that a 
student completing one additional semester in calculus increased the odds that the student 
would be retained by 62.2%, holding all other variables constant. 
The third significant variable in the model was the number of semesters of high 
school chemistry the student completed (Wald (1) = 4.857; < .05). The odds ratio (e" ^ = 
.678) associated with HSCHEM indicated that if a student completed one additional semester 
of high school chemistry, the odds that the student would be retained increased by 67.8%, 
holding all other variables constant. Finally, the last significant variable in the model was 
high school rank (HSRANK) (Wald (1) = 25.992; < .05). The odds ratio associated with 
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HSRANK (e°^ = 1.052) indicated that a one percentile point increase in a student's high 
school rank increased the odds that the student would be retained by 5.2%, holding all other 
variables constant. 
AwMfMO/y qfTTzW Tear TkfgnfioM/GfWwafzon. Results summarized in Table 4.26 
illustrate the statistically significant variables for third-year retention/graduation of students 
enrolled in entry level biology, chemistry, mathematics, and physics courses offering SI 
during the Fall 1999 semester. High school rank (HSRANK) was found to be statistically 
significant for all classes. Male students and those with more transfer credits in biology were 
found to be more likely to be retained or graduate than female students or those with less 
transfer credits. Students in physics who were not eligible for federally funded Pell Grants 
(PELL) were more likely to be retained or graduate than students who did qualify for this 
program. Finally, the number of high school semesters in calculus (HSCALC) and chemistry 
(HSCHEM) was positively related to student retention/graduation during the third year for 
students enrolled in physics courses. 
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Table 4.14. Multiple Logistic Regression Model-Biology Year 3 (2002) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT .014 .026 .304 1 .582 1.014 
TAT .048 .030 2.531 1 .112 1.049 
LCYESNO(l) .314 .239 1.737 1 .187 1.370 
PELL(1) -.145 .194 .558 .455 .865 
GENDER(1) -.460 .174 6.989 .008 .631 
ETHNIC2(1) .370 .326 1.290 1 .256 1.447 
FIRSTGEN(l) -.129 .325 .157 1 .692 .879 
HSCHEM -.016 .110 .022 1 .881 .984 
HSCALC -.066 .110 .365 1 .546 .936 
HSPHYS .083 .085 .946 1 .331 1.086 
TRANS .019 .007 8.387 1 .004 1.020 
HSRANK .032 .005 36.980 1 .000 1.032 
Constant -1.857 .720 6.650 1 .010 .156 
Step 2 ACT .014 .026 .292 1 .589 1.014 
TAT .048 .030 2.544 1 .111 1.049 
LCYESNO(l) .314 .239 1.732 1 .188 1.369 
PELL(1) -.146 .194 .561 1 .454 .864 
GENDER(1) -.459 .174 6.975 .008 .632 
ETHNIC2(1) .372 .325 1.306 1 .253 1.450 
FIRSTGEN(l) -.128 .325 .154 1 .695 .880 
HSCALC -.069 .109 .398 1 .528 .934 
HSPHYS .083 .085 .951 1 .329 1.086 
TRANS .020 .007 8.480 1 .004 1.020 
HSRANK .032 .005 37.222 1 .000 1.032 
Constant -1.881 .702 7.190 .007 .152 
Step 3 ACT .014 .026 .281 .596 1.014 
TAT .048 .030 2.530 1 .112 1.049 
LCYESNO(l) .316 .238 1.758 1 .185 1.372 
PELL(l) 
-.156 .193 .651 1 .420 .856 
GENDER(1) -.457 .174 6.917 1 .009 .633 
ETHNIC2(1) .359 .324 1.231 .267 1.432 
HSCALC -.067 .109 .383 .536 .935 
HSPHYS .082 .085 .929 1 .335 1.085 
TRANS .020 .007 8.452 1 .004 1.020 
HSRANK .032 .005 37.272 .000 1.032 
Constant V0 OO .657 9.058 .003 .138 
Step 4 TAT .047 .030 2.423 1 .120 1.048 
LCYESNO(l) .309 .238 1.687 1 .194 1.362 
PELL(1) -.150 .193 .608 .436 .861 
GENDER(1) -.459 .174 6.983 1 .008 .632 
ETHNIC2(1) .394 .317 1.553 1 .213 1.484 
HSCALC -.053 .105 .254 1 .614 .948 
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B S.E. Wald df Sig. Exp(B) 
HSPHYS .090 .084 1.146 1 .284 1.094 
TRANS .019 .007 8.361 1 .004 1.020 
HSRANK .033 .005 45.285 1 .000 1.033 
Constant -1.769 .525 11.361 I .001 .171 
Step 5 TAT .046 .030 2.386 1 .122 1.047 
LCYESNO(l) .306 .238 1.650 1 .199 1.357 
PELL(1) -.156 .192 .657 1 .418 .856 
GENDER(1) -.457 .174 6.922 1 .009 .633 
ETHNIC2(1) .401 .316 1.609 .205 1.493 
HSPHYS .082 .082 .997 1 .318 1.086 
TRANS .019 .007 8.352 1 .004 1.020 
HSRANK .032 .005 46.850 1 .000 1.033 
Constant -1.735 .520 11.126 1 .001 .176 
Step 6 TAT .047 .030 2.497 1 .114 1.048 
LCYESNO(l) .314 .237 1.745 1 .186 1.368 
GENDER(1) -.447 .173 6.667 1 .010 .640 
ETHNIC2(1) .369 .313 1.389 1 .239 1.447 
HSPHYS .081 .082 .961 1 .327 1.084 
TRANS .020 .007 8.512 1 .004 1.020 
HSRANK .032 .005 46.439 .000 1.032 
Constant -1.822 .509 12.809 1 .000 .162 
Step 7 TAT .047 .030 2.526 1 .112 1.049 
LCYESNO(l) .322 237 1.848 1 .174 1.380 
GENDER(1) -.467 .172 7.369 1 .007 .627 
ETHNIC2(1) .356 .313 1.294 1 .255 1.428 
TRANS .019 .007 8.035 1 .005 1.019 
HSRANK .033 .005 52.350 1 .000 1.033 
Constant -1.782 .507 12.339 1 .000 .168 
Step 8 TAT .048 .030 2.590 1 .108 1.049 
LCYESNO(l) .317 .237 1.792 1 .181 1.374 
GENDER(1) -.477 .172 7.724 1 .005 .621 
TRANS .019 .007 8.232 1 .004 1.019 
HSRANK .033 .005 52.231 1 .000 1.033 
Constant -1.435 .404 12.609 .000 238 
Step 9 TAT .040 .029 1.893 .169 1.041 
GENDER(l) 
-.466 .171 7.406 1 .007 .628 
TRANS .020 .007 9.023 .003 1.020 
HSRANK .033 .005 51.648 1 .000 1.033 
Constant 
-1.140 .338 11.398 1 .001 .320 
Step 10 GENDER(1) -.447 .171 6.852 1 .009 .639 
TRANS .020 .007 9.093 1 .003 1.020 
HSRANK .033 .004 55.319 1 .000 1.034 
Constant -1.157 .337 11.755 1 .001 .315 
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Table 4.15. Multiple Logistic Regression Model-Chemistry Year 3 (2002) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.001 .029 .002 1 .964 .999 
TAT .011 .034 .117 1 .733 1.012 
LCYESNO(l) .088 .259 .114 1 .735 1.092 
PELL(1) .291 .213 1.871 1 .171 1.338 
GENDER(1) .103 .193 .287 1 .592 1.109 
ETHNIC2(1) .500 .363 1.896 1 .169 1.648 
FIRSTGEN(l) -.305 .431 .500 1 .480 .737 
HSCHEM -.204 .106 3.732 .053 .815 
HSCALC .040 .100 .159 1 .690 1.041 
HSPHYS .056 .101 .300 1 .584 1.057 
TRANS .004 .006 .307 1 .580 1.004 
HSRANK .036 .006 31.887 1 .000 1.036 
Constant -1.393 .882 2.491 1 .115 .248 
Step 2 TAT .012 .033 .122 1 .727 1.012 
LCYESNO(l) .088 .259 .115 1 .735 1.092 
PELL(1) .291 .212 1.872 1 .171 1.337 
GENDER(1) .104 .193 .289 1 .591 1.109 
ETHNIC2(1) .499 .362 1.895 .169 1.647 
FIRSTGEN(1) -.306 .431 .502 1 .479 .737 
HSCHEM -.205 .105 3.766 1 .052 .815 
HSCALC .039 .096 .161 1 .688 1.039 
HSPHYS .055 .101 .298 1 .585 1.057 
TRANS .004 .006 .309 1 .578 1.004 
HSRANK .035 .006 37.467 1 .000 1.036 
Constant -1.413 .754 3.513 1 .061 .243 
Step 3 TAT .011 .033 .114 1 .736 1.011 
PELL(1) .291 .212 1.877 1 .171 1.338 
GENDER(l) .106 .193 .304 1 .581 1.112 
ETHNIC2(1) .497 .363 1.877 1 .171 1.643 
FIRSTGEN(1) -.303 .431 .495 1 .482 .738 
HSCHEM -.204 .105 3.737 1 .053 .816 
HSCALC .039 .096 .162 1 .688 1.039 
HSPHYS .056 .101 .307 1 .580 1.057 
TRANS .004 .006 .350 1 .554 1.004 
HSRANK .035 .006 37.539 1 .000 1.036 
Constant -1.344 .726 3.429 1 .064 .261 
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B S.E. Wald df Sig. Exp(B) 
Step 4 PELL(1) .289 .212 1.859 1 .173 1.336 
GENDER(l) .112 .192 .344 1 .558 1.119 
ETHNIC2(1) .504 .362 1.939 1 .164 1.655 
FIRSTGEN(l) -.298 .431 .478 1 .489 .742 
HSCHEM -.206 .105 3.811 1 .051 .814 
HSCALC .037 .096 .151 .698 1.038 
HSPHYS .056 .101 .307 1 .580 1.057 
TRANS .004 .006 .349 1 .554 1.004 
HSRANK .036 .006 38.001 1 .000 1.036 
Constant -1.348 .726 3.450 1 .063 .260 
Step 5 PELL(l) .294 .212 1.927 1 .165 1.342 
GENDER(1) .109 .191 .325 1 .569 1.115 
ETHNIC2(1) .494 .361 1.875 1 .171 1.640 
FIRSTGEN(l) -.291 .430 .457 .499 .747 
HSCHEM -.201 .105 3.692 1 .055 .818 
HSPHYS .063 .099 .411 1 .522 1.065 
TRANS .004 .006 .356 1 .551 1.004 
HSRANK .036 .006 43.225 1 .000 1.037 
Constant -1.394 .716 3.791 1 .052 .248 
Step 6 PELL(1) .293 .212 1.904 1 .168 1.340 
ETHNIC2(1) .488 .361 1.832 .176 1.630 
FIRSTGEN(1) -.295 .431 .468 1 .494 .745 
HSCHEM -.199 .104 3.613 1 .057 .820 
HSPHYS .052 .097 .288 1 .592 1.053 
TRANS .004 .006 .377 1 .539 1.004 
HSRANK .037 .005 46.363 1 .000 1.038 
Constant 
-1.378 .716 3.709 1 .054 .252 
Step 7 PELL(l) .302 .211 2.049 1 .152 1.353 
ETHNIC2(1) .475 .360 1.740 1 .187 1.607 
FIRSTGEN(l) 
-.300 .430 .485 1 .486 .741 
HSCHEM -.194 .104 3.470 .062 .824 
TRANS .003 .006 .296 1 .586 1.003 
HSRANK .037 .005 49.672 1 .000 1.038 
Constant -1.338 .711 3.537 1 .060 .262 
Step 8 PELL(1) .294 .211 1.946 1 .163 1.342 
ETHNIC2(1) .476 .360 1.753 1 .186 1.610 
F1RSTGEN(1) -.317 .430 .543 1 .461 .728 
HSCHEM -.199 .104 3.702 1 .054 .819 
HSRANK .037 .005 49.490 1 .000 1.038 
Constant 
-1.252 .695 3.245 1 .072 .286 
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B S.E. Wald df Si& Exp(B) 
Step 9 PELL(l) .278 .209 1.758 1 .185 1.320 
ETHNIC2(1) .481 .361 1.782 1 .182 1.618 
HSCHEM -.200 .103 3.727 1 .054 .819 
HSRANK .037 .005 50.069 1 .000 1.038 
Constant -1.559 .560 7.763 1 .005 .210 
Step 10 ETHNIC21) .536 .358 2.246 1 .134 1.709 
HSCHEM -.195 .103 3.587 1 .058 .823 
HSRANK .038 .005 51.564 1 .000 1.038 
Constant 
-1.437 .550 6.818 1 .009 .238 
Step 11 HSCHEM -.197 .103 3.679 1 .055 .821 
HSRANK .037 .005 51.101 1 .000 1.038 
Constant 
-.902 .413 4.769 1 .029 .406 
Step 12 HSRANK .035 .005 48.019 1 .000 1.035 
Constant -1.169 .389 9.013 1 .003 .311 
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Table 4.16. Multiple Logistic Regression Model-Mathematics Year 3 (2002) 
B S.E. Sig. Exp(B) 
Step 1 ACT -.026 .038 .451 1 .502 .975 
TAT .156 .093 2.831 1 .092 1.169 
LCYESNO(l) .250 .399 .391 1 .532 1.284 
PELL(1) -.162 .302 .288 1 .592 .850 
GENDER(1) .187 .264 .503 1 .478 1.206 
ETHNIC2(1) 1.001 .441 5.140 1 .023 2.720 
HRSTGEN(l) .384 .475 .654 1 .419 1.468 
HSCHEM -.016 .145 .012 1 .912 .984 
HSCALC -.154 .131 1.382 1 .240 .857 
HSPHYS .136 .125 1.189 1 .275 1.146 
TRANS .004 .010 .126 1 .723 1.004 
HSRANK .040 .007 29.833 1 .000 1.041 
Constant -2.652 1.079 6.044 1 .014 .071 
Step 2 ACT -.026 .038 .473 1 .491 .974 
TAT .156 .093 2.818 1 .093 1.169 
LCYESNO(l) .252 .399 .401 1 .527 1.287 
PELL(1) -.162 .303 .288 1 .592 .850 
GENDER(1) .187 .264 .502 1 .478 1.206 
ETHNIC2(1) .999 .441 5.126 1 .024 2.716 
FIRSTGEN(l) .382 .474 .648 1 .421 1.465 
HSCALC -.156 .130 1.436 1 .231 .856 
HSPHYS .136 .125 1.179 1 .277 1.145 
TRANS .004 .010 .138 1 .710 1.004 
HSRANK .040 .007 29.818 1 .000 1.041 
Constant -2.671 1.063 6.313 1 .012 .069 
Step 3 ACT -.027 .038 .513 1 .474 .973 
TAT .157 .093 2.840 1 .092 1.170 
LCYESNO(l) .265 .397 .444 1 .505 1.303 
PELL(l) 
-.177 .300 .346 1 .556 .838 
GENDER(1) .182 .263 .477 1 .490 1.200 
ETHNIC2(1) 1.012 .439 5.303 1 .021 2.751 
FIRSTGEN(l) .382 .474 .649 1 .421 1.465 
HSCALC 
-.156 .130 1.449 1 .229 .855 
HSPHYS .128 .123 1.078 1 .299 1.136 
HSRANK .040 .007 29.879 1 .000 1.041 
Constant 
-2.630 1.057 6.184 1 .013 .072 
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B S.E. Wald df Si%. Exp(B) 
Step 4 ACT -.029 .038 .577 1 .448 .972 
TAT .158 .093 2.872 1 .090 1.171 
LCYESNO(l) .270 .397 .461 1 .497 1.309 
GENDER(1) .187 .263 .505 1 .477 1.206 
ETHNIC2(1) .958 .429 4.975 1 .026 2.606 
FIRSTGEN(1) .345 .469 .539 1 .463 1.411 
HSCALC -.161 .130 1.545 .214 .851 
HSPHYS .128 .123 1.079 1 .299 1.136 
HSRANK .040 .007 29.897 1 .000 1.041 
Constant -2.657 1.055 6.345 1 .012 .070 
Step 5 ACT -.029 .038 .598 1 .439 .971 
TAT .153 .092 2.738 1 .098 1.165 
GENDER(1) .197 .263 .562 1 .453 1.218 
ETHNIC2(1) .938 .428 4.797 1 .029 2.556 
FIRSTGEN(l) .338 .469 .518 1 .472 1.402 
HSCALC -.164 .130 1.602 .206 .849 
HSPHYS .121 .122 .980 1 .322 1.129 
HSRANK .040 .007 29.643 1 .000 1.041 
Constant 
-2.345 .946 6.150 1 .013 .096 
Step 6 ACT -.029 .038 .586 1 .444 .971 
TAT .147 .091 2.612 .106 1.159 
GENDER(1) .195 .262 .555 .456 1.216 
ETHNIC2(1) .957 .428 5.001 1 .025 2.604 
HSCALC -.165 .130 1.612 1 .204 .848 
HSPHYS .124 .123 1.022 .312 1.132 
HSRANK .040 .007 29.222 .000 1.040 
Constant -2.013 .823 5.986 1 .014 .134 
Step? ACT -.030 .038 .649 .421 .970 
TAT .144 .091 2.515 1 .113 1.155 
ETHNIC2(1) .964 .428 5.086 1 .024 2.623 
HSCALC -.176 .129 1.861 1 .172 .839 
HSPHYS .112 .122 .850 .357 1.119 
HSRANK .041 .007 32.444 1 .000 1.042 
Constant -1.989 .819 5.893 1 .015 .137 
Step 8 TAT .150 .091 2.722 1 .099 1.162 
ETHNIC21) .861 .406 4.492 1 .034 2.367 
HSCALC -.188 .128 2.152 1 .142 .829 
HSPHYS .089 .118 .565 I .452 1.093 
HSRANK .039 .007 34.663 1 .000 1.039 
Constant -2.435 .608 16.044 1 .000 .088 
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B S.E. Wald df Sig. Exp(B) 
Step 9 TAT .153 .091 2.818 1 .093 1.165 
ETHNIC2(1) .851 .406 4.387 1 .036 2.342 
HSCALC -.163 .124 1.749 1 .186 .849 
HSRANK .039 .007 35.933 1 .000 1.040 
Constant -2.344 .595 15.498 1 .000 .096 
Step 10 TAT .159 .091 3.070 1 .080 1.173 
ETHNIC2(1) .869 .405 4.608 1 .032 2.384 
HSRANK .037 .006 34.926 1 .000 1.037 
Constant -2.294 .593 14.968 1 .000 .101 
Step 11 ETHNIC2(1) .744 .398 3.488 1 .062 2.104 
HSRANK .037 .006 36.345 1 .000 1.038 
Constant -2.128 .582 13.378 1 .000 .119 
Step 12 HSRANK .037 .006 36.752 1 .000 1.038 
Constant -1.450 .447 10.538 1 .001 .235 
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Table 4.17. Multiple Logistic Regression Model-Physics Year 3 (2002) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.027 .049 .318 1 .573 .973 
TAT .171 .108 2.537 1 .111 1.187 
LCYESNO(l) .228 1.348 .029 1 .866 1.256 
PELL(l) .853 .387 4.850 .028 2.347 
GENDER(1) .462 .491 .885 1 .347 1.587 
ETHNIC2(1) .437 .761 .331 1 .565 1.549 
FIRSTGEN(1) -.860 .808 1.131 1 .288 .423 
HSCHEM -.366 .180 4.106 1 .043 .694 
HSCALC -.439 .152 8.381 1 .004 .644 
HSPHYS .048 .200 .058 1 .809 1.049 
TRANS .003 .011 .074 1 .786 1.003 
HSRANK .050 .011 19.107 1 .000 1.051 
Constant -1.178 1.968 .359 1 .549 .308 
Step 2 ACT -.027 .048 .313 .576 .973 
TAT .172 .108 2.546 1 .111 1.187 
PELL(1) .856 .387 4.897 1 .027 2.353 
GENDER(l) .460 .491 .879 1 .348 1.585 
ETHNIC2(1) .432 .760 .324 1 .569 1.541 
FIRSTGEN(l) -.863 .808 1.141 1 .285 .422 
HSCHEM -.367 .180 4.135 1 .042 .693 
HSCALC -.438 .151 8.355 1 .004 .645 
HSPHYS .049 .200 .059 1 .807 1.050 
TRANS .003 .011 .064 1 00
 
o
 
1.003 
HSRANK .050 .011 19.182 1 .000 1.051 
Constant -.957 1.468 .425 1 .515 .384 
Step 3 ACT -.025 .048 .280 1 .597 .975 
TAT .173 .108 2.577 1 o
 
o
o
 
1.189 
PELL(l) .867 .384 5.100 1 .024 2.380 
GENDER(1) .455 .490 .862 1 .353 1.576 
ETHNIC2(1) .431 .760 .322 1 .571 1.539 
FIRSTGEN(l) 
-.857 .808 1.126 1 .289 .424 
HSCHEM -.366 .181 4.121 1 .042 .693 
HSCALC -.431 .149 8.400 1 .004 .650 
TRANS .002 .011 .032 1 .857 1.002 
HSRANK .050 .011 19.136 1 .000 1.051 
Constant -.921 1.462 .397 1 .529 .398 
Step 4 ACT -.025 .048 .272 1 .602 .975 
TAT .175 .107 2.662 1 .103 1.191 
PELL(l) .862 .383 5.065 1 .024 2.367 
GENDER(l) .452 .490 .852 1 .356 1.571 
ETHNIC2(1) .427 .758 .317 1 .573 1.532 
FIRSTGEN(l) 
-.856 .806 1.128 1 .288 .425 
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B S.E. Wald df Sig. Exp(B) 
HSCHEM -.370 .179 4.281 1 .039 .690 
HSCALC -.428 .148 8.368 1 .004 .652 
HSRANK .050 .011 20.090 1 .000 1.051 
Constant -.867 1.433 .366 1 .545 .420 
Step 5 TAT .180 .108 2.752 1 .097 1.197 
PELL(1) .844 .381 4.897 .027 2.326 
GENDER(1) .456 .489 .870 1 .351 1.578 
ETHNIC2(1) .346 .740 .219 1 .640 1.414 
FIRSTGEN(l) -.875 .807 1.176 1 .278 .417 
HSCHEM -.384 .177 4.710 1 .030 .681 
HSCALC -.449 .142 9.934 1 .002 .638 
HSRANK .048 .010 20.838 1 .000 1.049 
Constant -1.212 1.270 .911 1 .340 .298 
Step 6 TAT O 
OO 
.108 2.782 1 .095 1.197 
PELL(1) .853 .381 5.019 1 .025 2.346 
GENDER(l) .445 .489 .830 .362 1.561 
FIRSTGEN(l) -.840 .802 1.099 1 .295 .432 
HSCHEM -.389 .177 4.833 .028 .678 
HSCALC -.446 .142 9.834 .002 .640 
HSRANK .048 .010 20.979 1 .000 1.049 
Constant -.921 1.112 .686 1 .408 .398 
Step 7 TAT .192 .109 3.121 1 .077 1.212 
PELL(l) .897 .378 5.634 1 .018 2.453 
FIRSTGEN(l) -.837 .799 1.098 1 .295 .433 
HSCHEM -.400 .177 5.124 1 .024 .671 
HSCALC -.441 .141 9.767 1 .002 .643 
HSRANK .049 .010 22.944 1 .000 1.051 
Constant -1.000 1.109 .813 .367 .368 
Step 8 TAT .196 .111 3.143 1 .076 1.217 
PELL(l) .905 .376 5.784 1 .016 2.472 
HSCHEM -.383 .173 4.887 .027 .682 
HSCALC 
-.446 .141 9.979 1 .002 .640 
HSRANK .049 .010 22.922 .000 1.050 
Constant 
-1.797 .802 5.027 1 .025 .166 
Step 9 PELL(l) .921 .373 6.099 .014 2.511 
HSCHEM -.381 .173 4.857 1 .028 .683 
HSCALC -.475 .140 11.493 1 .001 .622 
HSRANK .051 .010 25.992 1 .000 1.052 
Constant -1.818 .791 5.280 1 .022 .162 
157 
fazr 4 
JDWogy. Goodness-of-Et statistics (-2 Log L = 974.191; Hosmer and Lemeshow 
(8) = 11.559) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 11.4% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 75% of observations. Regression coefficients, Wald statistics, and odds ratios for 
the independent variables are presented in Table 4.18. Similarly to year three retention, Wald 
statistics indicated that several variables—GENDER, TRANS, and HSRANK—were 
statistically significant predictors of four-year retention/graduation for students enrolled in 
biology courses in the Fall 1999 semester. 
Gender was statistically significant (Wald (1) = 6.256; < .05). The odds ratio 
associated with TAT (g" ^  = .639) indicated that male students were 63.9% more likely than 
female students to be retained or graduate in this model. The number of transfer credits 
(TRANS) was also statistically significant (Wald (1) = 13.960; < .05). The odds ratio 
associated with TRANS (e ^* = 1.020) indicated that an additional transfer credit earned 
increased the odds that the student would be retained by 2.0%, holding all other variables 
constant. The final independent variable in this model found to be statistically significant was 
high school rank (HSRANK) (Wald (1) = 61.427; < .05). The odds ratio associated with 
HSRANK (e °^ = 1.036) indicated that a one percentile point increase in a student's high 
school rank increased the odds by 3.6% that the student would be retained or graduate, 
holding all other variables constant. 
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CAenzzJ&y. Unlike the Endings for second and third-year retention/graduation for 
students enrolled in chemistry courses, there were additional variables including high school 
rank that were significant in this model. Goodness-of-Et statistics (-2 Log L = 849.564; 
Hosmer and Lemeshow ^ (8) = 5.775) summarized in Table 4.5 indicated that the overall 
model of Et was questionable. The Nagelkerke R^ statistics indicated that the model 
explained 10.6% of the variation found in the dependent variable. However, the model was 
fairly accurate by correctly classifying 81.1% of observations. 
Regression coefficients, Wald statistics, and odds ratios for the independent variables 
are presented in Table 4.19. Wald statistics found that high school rank (Wald (1) = 54.103; p 
< .05) and Pell Grant (Wald (1) = 6.091; < .05) were statistically signiEcant predictors of 
fourth-year retention/graduation for students enrolled in chemistry courses in the Fall 1999 
semester. The odds ratio associated with HSRANK (e °^ = 1.038) indicated that a one 
percentile point increase in a student's high school rank increased the odds that the student 
would be retained by 3.8%, holding all other variables constant. The odds ratio associated 
with PELL (e**° = 1.633) indicated that a student who was not Pell Grant eligible was 63.3% 
more likely to be retained holding all other variables constant. 
MafAernafics. Unlike the Endings for second and third-year retention/graduation for 
mathematics, Wald statistics found two additional variables, the number of SI sessions 
attended (TAT and ethnicity (ETHNIC), in addition to high school rank helped to predict if 
students would be retained during the fourth year for students enrolled in math courses 
during the fall 1999 semester. Goodness-of-Et statistics (-2 Log L = 523.920; Hosmer and 
Lemeshow (8) = 3.690) summarized in Table 4.5 indicated that the overall model of Et 
was questionable. The Nagelkerke R^ statistics indicated that the model explained 12.9% of 
the variation found in the dependent variable. However, the model was fairly accurate 
correctly classifying 76.1% of observations. Regression coefficients, Wald statistics, and 
odds ratios for the independent variables are presented in Table 4.20. 
The number of SI sessions attended was statistically significant (Waid (1) = 4.431 ; ^  
< .05) for students mathematics courses. The odds ratio associated with TAT (e ^ = 1.220) 
indicated that if a student attended one additional SI session it increased the probability that a 
student would be retained by 22%, holding all other variables constant. Ethnicity (ETHNIC) 
was also found to be significant in this model (Wald (1) = 5.310;< .05). The odds ratio 
associated with ETHNIC (e ^ = 2.501) indicated that being a member of an ethnic minority 
group would decrease the odds that the student would be retained by 50.1% holding all other 
variables constant. Finally, the odds ratio associated with HSRANK (e °^ = 1.035) indicated 
that a one percentile point increase in a student's high school rank would increase the odds 
that the student would be retained by 3.5% holding all other variables constant. 
fAyafcs. Goodness-of-fit statistics (-2 Log L = 315.703; Hosmer and Lemeshow 
(8) = 5.613, ,0.05) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkerke R^ statistics indicated that the model explained 11.1% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 79.3% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.21. Wald statistics indicated that two 
variables—HSCALC and HSRANK—were statistically significant predictors of fourth-year 
retention/graduation for students enrolled in physics courses in the Fall 1999 semester. 
The number of semesters a student completed in calculus (HSCALC) was a 
significant variable in the model (Wald (1) = 7.144; < .05). The odds ratio associated with 
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HSCALC (e= .707) indicated that an additional semester of high school calculus 
increased the odds that a student would be retained by 70.7% holding all other variables 
constant. The second significant variable was high school rank (HSRANK) (Wald (1) = 
20.390; jp < .05). The odds ratio associated with HSRANK (e °^ = 1.041) indicated that a one 
percentile point increase in a student's high school rank increased the odds that the student 
would be retained by 4.1 %, holding all other variables constant. 
of FowrfA-Tear Results summarized in Table 4.26 
illustrate the statistically significant variables for fourth-year retention/graduation of students 
enrolled in entry level biology, chemistry, mathematics, and physics courses offering SI 
during the Fall 1999 semester. Consistent with the Endings for the previous three years in 
this study, high school rank (HSRANK) was found to be statistically significant for all 
classes. Other significant variables included the number of transfer credits (TRANS) earned 
for biology and non-Pell Grant ehgible (PELL) students in chemistry were more likely to be 
retained than Pell Grant eligible students. The number of SI sessions attended (TAT) and not 
being a member of an ethnic minority group (ETHNIC) was found to significant for students 
in math. Similarly to third-year retention, male students in biology courses were less likely 
than female students to be retained or graduate. Finally, the number of high school semesters 
in calculus (HSCALC) was positively related to student retention/graduation during the 
fourth-year for students enrolled in physics courses. 
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Table 4.18. Multiple Logistic Regression Model-Biology Year 4 (2003) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT .025 .026 .979 1 .323 1.026 
TAT .053 .030 3.105 1 .078 1.055 
LCYESNO(l) .313 .237 1.747 .186 1.368 
PELL(1) -.034 .191 .031 1 .860 .967 
GENDER(1) -.428 .172 6.188 1 .013 .652 
ETHNIC2(1) .354 .322 1.207 1 .272 1.425 
FIRSTGEN(1) -.111 .320 .121 1 .728 .895 
HSCHEM .019 .110 .030 1 .862 1.019 
HSCALC -.079 .109 .530 1 .467 .924 
HSPHYS .062 .085 .538 1 .463 1.064 
TRANS .026 .007 13.349 1 .000 1.026 
HSRANK .033 .005 39.003 1 .000 1.033 
Constant -2.422 .718 11.381 1 .001 .089 
Step 2 ACT .026 .025 1.016 .313 1.026 
TAT .053 .030 3.091 1 .079 1.055 
LCYESNO(l) .314 .237 1.753 1 .185 1.368 
PELL(1) -.033 .191 .031 1 .861 .967 
GENDER(1) -.429 .172 6.208 1 .013 .651 
ETHNIC2(1) .352 .322 1.193 1 .275 1.422 
FIRSTGEN(l) -.113 .320 .124 1 .724 .893 
HSCALC -.077 .108 .506 1 .477 .926 
HSPHYS .062 .085 .534 1 .465 1.064 
TRANS .026 .007 13.327 1 .000 1.026 
HSRANK .033 .005 39.670 1 .000 1.033 
Constant 
-2.393 .699 11.737 1 .001 .091 
Step 3 ACT .025 .025 1.001 1 .317 1.026 
TAT .053 .030 3.117 .077 1.055 
LCYESNO(l) .315 .237 1.774 1 .183 1.371 
GENDER(1) -.427 .172 6.178 .013 .652 
ETHNIC2(1) .346 .320 1.167 .280 1.414 
FIRSTGEN(l) -.120 .318 .143 1 .705 .887 
HSCALC -.078 .108 .520 .471 .925 
HSPHYS .062 .085 .534 1 .465 1.064 
TRANS .026 .007 13.405 .000 1.026 
HSRANK .033 .005 39.652 1 .000 1.033 
Constant -2.403 .696 11.908 1 .001 .090 
Step 4 ACT .025 .025 .973 I .324 1.025 
TAT .053 .030 3.108 1 .078 1.055 
LCYESNO(l) .318 .237 1.805 1 .179 1.374 
GENDER(1) 
-.424 .172 6.111 1 .013 .654 
ETHNIC2(1) .333 .318 1.092 1 .296 1.394 
HSCALC -.077 .108 .507 1 .477 .926 
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B S.E. Wald df Sig. Exp(B) 
HSPHYS .061 .084 .518 1 .472 1.063 
TRANS .026 .007 13.376 1 .000 1.026 
HSRANK .033 .005 39.695 1 .000 1.033 
Constant -2.498 .650 14.777 1 .000 .082 
Step 5 ACT .021 .025 .702 1 .402 1.021 
TAT .052 .030 3.017 1 .082 1.054 
LCYESNO(l) .311 .236 1.731 1 .188 1.364 
GENDER(1) -.422 .172 6.041 1 .014 .656 
ETHNIC2(1) .352 .317 1.234 1 .267 1.422 
HSPHYS .053 .084 .403 1 .526 1.055 
TRANS .026 .007 13.309 .000 1.026 
HSRANK .032 .005 39.341 1 .000 1.033 
Constant -2.387 .630 14.367 1 .000 .092 
Step 6 ACT .024 .024 .991 1 .320 1.024 
TAT .053 .030 3.065 1 .080 1.054 
LCYESNO(l) .318 .236 1.813 1 .178 1.374 
GENDER(1) -.433 .171 6.438 1 .011 .649 
ETHNIC2(1) .336 .316 1.128 1 .288 1.399 
TRANS .025 .007 13.023 1 .000 1.026 
HSRANK .032 .005 40.846 1 .000 1.033 
Constant -2.411 .628 14.722 1 .000 .090 
Step 7 TAT .051 .030 2.863 1 .091 1.052 
LCYESNO(l) .308 .236 1.708 1 .191 1.361 
GENDER(1) -.443 .170 6.757 1 .009 .642 
ETHNIC2(1) .396 .310 1.627 1 .202 1.485 
TRANS .025 .007 12.696 1 .000 1.025 
HSRANK .035 .005 58.072 1 .000 1.035 
Constant -2.044 .506 16.313 1 .000 .130 
Step 8 TAT .051 .030 2.940 .086 1.052 
LCYESNO(l) .303 .236 1.651 1 .199 1.354 
GENDER(l) -.454 .170 7.140 1 .008 .635 
TRANS .025 .007 12.949 1 .000 1.026 
HSRANK .035 .005 57.913 1 .000 1.035 
Constant -1.659 .404 16.819 .000 .190 
Step 9 TAT .043 .029 2.236 I .135 1.044 
GENDER(1) 
-.444 .170 6.843 1 .009 .642 
TRANS .026 .007 13.856 1 .000 1.027 
HSRANK .034 .005 57.340 .000 1.035 
Constant -1.377 .339 16.516 .000 .252 
Step 10 GENDER(1) -.423 .169 6.256 1 .012 .655 
TRANS .026 .007 13.960 1 .000 1.027 
HSRANK .035 .005 61.427 1 .000 1.036 
Constant -1.395 .339 16.975 1 .000 .248 
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Table 4.19. Multiple Logistic Regression Model Chemistry Year 4 (2003) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.030 .029 1.079 1 .299 .971 
TAT .019 .034 .296 1 .587 1.019 
LCYESNO(l) .121 .252 .232 1 .630 1.129 
PELL(1) .500 .206 5.909 1 .015 1.649 
GENDER(l) 226 .192 1.380 .240 1.253 
ETHNIC2(1) .626 .352 3.149 1 .076 1.869 
FIRSTGEN(l) .234 .369 .405 1 .525 1.264 
HSCHEM -.145 .106 1.886 1 .170 .865 
HSCALC .010 .097 .011 .918 1.010 
HSPHYS .082 .100 .674 .412 1.086 
TRANS .012 .007 2.863 1 .091 1.012 
HSRANK .042 .006 43.996 1 .000 1.043 
Constant -2.317 .849 7.447 1 .006 .099 
Step 2 ACT -.029 .028 1.103 1 .294 .971 
TAT .019 .034 .295 1 .587 1.019 
LCYESNO(l) .122 .252 .233 1 .630 1.129 
PELL(1) .501 .206 5.939 1 .015 1.650 
GENDER(1) .225 .192 1.373 1 .241 1.253 
E13NIC2(1) .623 .351 3.140 1 .076 1.864 
FIRSTGEN(1) .236 .368 .410 .522 1.266 
HSCHEM -.144 .105 1.876 1 .171 .866 
HSPHYS .084 .099 .716 1 .397 1.087 
TRANS .012 .007 2.878 .090 1.012 
HSRANK .042 .006 45.463 .000 1.043 
Constant -2.342 .814 8.280 1 .004 .096 
Step 3 ACT -.029 .028 1.117 1 .291 .971 
TAT .018 .034 .275 1 .600 1.018 
PELL(1) .502 .205 5.958 1 .015 1.651 
GENDER(l) .229 .192 1.423 .233 1.257 
ETHNIC2(1) .620 .352 3.106 1 .078 1.858 
FIRSTGEN(l) .239 .368 .423 I .515 1.271 
HSCHEM -.143 .105 1.842 I .175 .867 
HSPHYS .085 .099 .736 1 .391 1.089 
TRANS .012 .007 3.061 .080 1.012 
HSRANK .042 .006 45.582 1 .000 1.043 
Constant 
-2.246 .789 8.111 1 .004 .106 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT -.031 .027 1.281 1 .258 .969 
PELL(l) .500 .205 5.920 1 .015 1.648 
GENDER(1) .239 .191 1.564 1 .211 1.270 
ETHNIC2(1) .632 .351 3.241 1 .072 1.881 
FIRSTGEN(l) .248 .368 .455 1 .500 1.282 
HSCHEM -.145 .105 1.915 .166 .865 
HSPHYS .086 .099 .753 I .385 1.090 
TRANS .012 .007 3.039 .081 1.012 
HSRANK .042 .006 46.764 .000 1.043 
Constant -2.218 .787 7.951 1 .005 .109 
Step 5 ACT -.030 .027 1.234 1 .267 .970 
PELL(l) .514 .204 6.323 1 .012 1.671 
GENDER(1) .237 .191 1.539 1 .215 1267 
ETHNIC2(1) .625 .350 3.191 1 .074 1.868 
HSCHEM -.145 .105 1.907 1 .167 .865 
HSPHYS .084 .099 .716 .398 1.087 
TRANS .012 .007 2.915 .088 1.012 
HSRANK .042 .006 46.459 1 .000 1.043 
Constant -1.978 .700 7.986 1 .005 .138 
Step 6 ACT -.027 .027 .965 1 .326 .974 
PELL(l) .525 .204 6.630 .010 1.690 
GENDER(l) .206 .187 1.208 1 .272 1.228 
ETHNIC2(1) .600 .349 2.962 1 .085 1.822 
HSCHEM -.139 .105 1.760 .185 .870 
TRANS .011 .007 2.638 1 .104 1.011 
HSRANK .043 .006 48.523 1 .000 1.044 
Constant -1.978 .700 7.976 1 .005 .138 
Step 7 PELL(l) .503 .202 6.183 1 .013 1.653 
GENDER(1) .223 .186 1.438 1 .230 1250 
ETHNIC2(1) .591 .348 2.888 1 .089 1.806 
HSCHEM 
-.151 .104 2.103 1 .147 .860 
TRANS .011 .007 2.823 1 .093 1.011 
HSRANK .040 .005 55.903 1 .000 1.041 
Constant 
-2.384 .568 17.634 1 .000 .092 
Step 8 PELL(1) .495 .202 6.005 .014 1.641 
ETHNIC2(1) .585 .347 2.836 1 .092 1.794 
HSCHEM 
-.148 .104 2.015 1 .156 .863 
TRANS .012 .007 3.067 1 .080 1.012 
HSRANK .041 .005 59.822 1 .000 1.042 
Constant 
-2.378 .568 17.543 1 .000 .093 
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B S.E. Wald Sig. Exp(B) 
Step 9 PELL(l) .487 .202 5.839 1 .016 1.627 
ETHNIC2(1) .589 .346 2.896 1 .089 1.803 
TRANS .013 .007 3.524 ! .060 1.013 
HSRANK .039 .005 58.239 1 .000 1.040 
Constant -2.599 .547 22.554 1 .000 .074 
Step 10 PELL(l) .526 .200 6.942 1 .008 1.692 
TRANS .013 .007 3.679 1 .055 1.013 
HSRANK .039 .005 57.448 1 .000 1.039 
Constant -2.040 .433 22.247 .000 .130 
Step 11 PELL(1) .490 .199 6.091 1 .014 1.633 
HSRANK .037 .005 54.103 1 .000 1.038 
Constant -1.796 .414 18.812 1 .000 .166 
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Table 4.20. Multiple Logistic Regression Analysis Model-Mathematics Year 4 (2003) 
Step 1 
Step 2 
Step 3 
Step 4 
B S.E. Wald df Sig. Exp(B) 
ACT -.056 .037 2.263 1 .132 .945 
TAT .193 .096 4.052 1 .044 1212 
LCYESNO(l) .245 .387 .400 1 .527 1.277 
PELL(1) .050 .287 .031 .861 1.052 
GENDER(1) .398 260 2.342 1 .126 1.489 
ETHNIC2(1) 1.099 .436 6.342 1 .012 3.001 
FIRSTGEN(l) .208 .473 .194 1 .660 1.232 
HSCHEM -.035 .141 .061 1 .804 .966 
HSCALC -.093 .127 .539 1 .463 .911 
HSPHYS .192 .122 2.472 .116 1212 
TRANS .006 b o
 
.389 .533 1.006 
HSRANK .039 .007 28.314 1 .000 1.039 
Constant -2.176 1.051 4286 1 .038 .114 
ACT -.056 .037 2.240 1 .134 .946 
TAT .192 .096 4.043 1 .044 1.212 
LCYESNO(l) .244 .387 .398 1 .528 1276 
GENDER(1) .396 .260 2.325 1 .127 1.486 
ETHNIC2(1) 1.115 .427 6.820 1 .009 3.049 
FIRSTGEN(l) .218 .470 .216 1 .642 1.244 
HSCHEM -.035 .141 .062 1 .803 .966 
HSCALC -.092 .127 .525 1 .469 .912 
HSPHYS .192 .122 2.460 .117 1211 
TRANS .006 .010 .369 1 .544 1.006 
HSRANK .039 .007 28.316 1 .000 1.039 
Constant -2.164 1.049 4.255 1 .039 .115 
ACT -.057 .037 2.354 .125 .945 
TAT .192 .096 4.012 1 .045 1.212 
LCYESNO(l) .251 .386 .422 .516 1285 
GENDER(1) .396 .260 2.322 .128 1.486 
ETHNIC2(1) 1.112 .427 6.776 1 .009 3.040 
FIRSTGEN(l) .214 .469 .208 1 .648 1.239 
HSCALC -.096 .126 .579 1 .447 .909 
HSPHYS .190 .122 2.422 1 .120 1.209 
TRANS .006 .010 .416 1 .519 1.006 
HSRANK .039 .007 28.303 1 .000 1.039 
Constant -2.209 1.034 4.569 1 .033 .110 
ACT -.057 .037 2.343 1 .126 .945 
TAT .189 .095 3.930 1 .047 1.208 
LCYESNO(l) .247 .386 .412 1 .521 1281 
GENDER(1) .396 .260 2.319 1 .128 1.485 
ETHNIC2(1) 1.124 .427 6.944 1 .008 3.077 
HSCALC -.096 .126 .582 1 .445 .908 
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B S.E. Wald df Sig. Exp(B) 
HSPHYS .192 .122 2.463 1 .117 1.211 
TRANS .006 .010 .407 1 .524 1.006 
HSRANK .038 .007 28.132 1 .000 1.039 
Constant -1.995 .919 4.709 I .030 .136 
Step 5 ACT -.059 .037 2.515 1 .113 .943 
TAT .191 .096 3.978 1 .046 1.210 
LCYESNO(l) .269 .384 .490 1 .484 1.308 
GENDER(1) .388 .259 2.238 1 .135 1.474 
ETHNIC2(1) 1.138 .425 7.156 1 .007 3.120 
HSCALC -.098 .126 .605 1 .437 .907 
HSPHYS .178 .120 2.201 1 .138 1.195 
HSRANK .038 .007 28.225 1 .000 1.039 
Constant -1.934 .914 4.479 I .034 .145 
Step 6 ACT -.059 .037 2.568 1 .109 .943 
TAT .185 .095 3.833 1 .050 1.203 
GENDER(1) .398 .259 2.364 1 .124 1.488 
ETHNIC2(1) 1.118 .424 6.949 1 .008 3.059 
HSCALC o 
o
 .126 .638 .424 .904 
HSPHYS .172 .120 2.057 1 .151 1.187 
HSRANK .038 .007 27.969 1 .000 1.039 
Constant -1.628 .799 4.156 .041 .196 
Step 7 ACT -.062 .037 2.871 1 .090 .940 
TAT .189 .094 4.006 1 .045 1.208 
GENDER(1) .420 .257 2.667 1 .102 1.522 
ETHNIC2(1) 1.138 .423 7.234 1 .007 3.120 
HSPHYS .153 .117 1.715 1 .190 1.166 
HSRANK .037 .007 27.599 1 .000 1.038 
Constant 
-1.538 .790 3.791 1 .052 .215 
Step 8 ACT -.050 .036 1.994 1 .158 .951 
TAT .193 .094 4.194 1 .041 1.213 
GENDER(1) .367 .253 2.096 1 .148 1.443 
ETHNIC2(1) 1.077 .420 6.579 .010 2.936 
HSRANK .038 .007 28.898 1 .000 1.038 
Constant 
-1.575 .791 3.963 1 .046 .207 
Step 9 TAT .205 .095 4.688 1 .030 1.227 
GENDER(1) .404 .251 2.576 1 .108 1.497 
ETHNIC2(1) .913 .400 5.211 1 .022 2.492 
HSRANK .033 .006 29.318 1 .000 1.034 
Constant 
-2.334 .587 15.796 1 .000 .097 
Step 10 TAT .199 .094 4.431 1 .035 1220 
ETHNIC2(1) .917 .398 5.310 1 .021 2.501 
HSRANK .035 .006 32.727 1 .000 1.035 
Constant 
-2.331 .585 15.881 1 .000 .097 
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Table 4.21. Multiple Logistic Regression Model-Physics Year 4 (2003) 
B S.E. Wald df Sig. Exp(B) 
ACT -.043 .047 .828 1 .363 .958 
TAT .218 .128 2.929 1 .087 1.244 
LCYESNO(l) .357 1.276 .078 1 .779 1.429 
PELL(1) .559 .382 2.139 1 .144 1.749 
GENDER(1) .626 .484 1.671 i .196 1.870 
ETHNIC2(1) .913 .717 1.618 1 .203 2.491 
FIRSTGEN(l) -.402 .693 .336 1 .562 .669 
HSCHEM -259 .176 2.170 1 .141 .772 
HSCALC -.273 .146 3.519 1 .061 .761 
HSPHYS -.180 .194 .863 1 .353 .835 
TRANS .007 .011 .367 1 .545 1.007 
HSRANK .047 .011 17.886 1 .000 1.048 
Constant -1.460 1.848 .625 .429 J232 
ACT -.042 .047 .812 .367 .958 
TAT .218 .127 2.943 1 .086 1.244 
PELL(l) .563 .382 2.178 1 .140 1.756 
GENDER(1) .624 .484 1.660 1 .198 1.865 
ETHNIC2(1) .904 .716 1.591 1 .207 2.468 
FIRSTGEN(l) -.407 .693 .345 1 .557 .666 
HSCHEM -.261 .176 2.204 1 .138 .770 
HSCALC -.271 .145 3.472 1 .062 .763 
HSPHYS -.180 .194 .856 1 .355 .836 
TRANS .006 .011 .332 1 .565 1.006 
HSRANK .047 .011 17.979 1 .000 1.048 
Constant -1.113 1.370 .661 1 .416 .328 
ACT 
-.039 .047 .715 1 .398 .961 
TAT .225 .126 3.160 1 .075 1.252 
PELL(l) .559 .381 2.150 1 .143 1.749 
GENDER(1) .614 .483 1.611 1 .204 1.847 
ETHNIC2(1) .878 .711 1.528 1 .216 2.407 
FIRSTGEN(l) -.407 .688 .350 1 .554 .666 
HSCHEM 
-.274 .174 2.488 1 .115 .760 
HSCALC -.259 .143 3.272 1 .070 .772 
HSPHYS -.218 .182 1.432 1 .231 .804 
HSRANK .045 .011 17.948 1 .000 1.046 
Constant -.926 1.333 .483 I .487 .396 
Step 1 
Step 2 
Step 3 
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Step 4 
Step 5 
Step 6 
Step 7 
Step 8 
B S.E. Wald df Sig. Exp(B) 
ACT -.040 .047 .756 1 .385 .960 
TAT .228 .128 3.166 1 .075 1256 
PELL(l) .568 .381 2.230 1 .135 1.766 
GENDER(1) .615 .483 1.620 1 203 1.849 
ETHNIC2(1) .838 .707 1.406 1 236 2.311 
HSCHEM -.268 .173 2.405 1 .121 .765 
HSCALC -.259 .143 3.274 1 .070 .772 
HSPHYS -.223 .182 1.500 I .221 .800 
HSRANK .045 .011 17.926 1 .000 1.046 
Constant -1.254 1.207 1.079 1 .299 285 
TAT .239 .131 3.347 1 .067 1.270 
PELL(l) .544 .379 2.058 1 .151 1.723 
GENDER(1) .620 .483 1.648 1 .199 1.859 
ETHNIC2(1) .700 .684 1.048 1 .306 2.013 
HSCHEM -.287 .171 2.802 1 .094 .751 
HSCALC -.290 .139 4.364 1 .037 .748 
HSPHYS 
-.242 .181 1.794 1 O 
OO 
.785 
HSRANK .042 .010 17.686 1 .000 1.043 
Constant -1.814 1.023 3.146 1 .076 .163 
TAT 236 .127 3.424 1 .064 1266 
PELL(l) .564 .377 2.236 1 .135 1.757 
GENDER(1) .582 .480 1.468 1 226 1.789 
HSCHEM -.298 .170 3.059 1 .080 .742 
HSCALC -.284 .138 4.220 1 .040 .753 
HSPHYS -.236 OO O
 
1.710 1 .191 .790 
HSRANK .043 .010 18.102 1 .000 1.044 
Constant -1.177 .806 2.133 1 .144 .308 
TAT .255 .131 3.796 1 .051 1.290 
PELL(l) .619 .375 2.729 1 .099 1.858 
HSCHEM -.312 .170 3.387 1 .066 .732 
HSCALC -.279 .137 4.131 1 .042 .756 
HSPHYS 
-.241 O 
0
0
 1.790 1 .181 .786 
HSRANK .045 .010 20.542 1 .000 1.046 
Constant -1.276 .803 2.528 1 .112 .279 
TAT 252 .129 3.797 1 .051 1286 
PELL(l) .547 .370 2.185 1 .139 1.729 
HSCHEM -.328 .167 3.839 1 .050 .721 
HSCALC 
-.310 .135 5.305 1 .021 .734 
HSRANK .043 .010 19.773 1 .000 1.044 
Constant -1.481 .778 3.625 1 .057 227 
170 
B S.E. Wald df Si%. Exp(B) 
Step 9 TAT .257 .130 3.885 1 .049 1.293 
HSCHEM -.301 .165 3.317 1 .069 .740 
HSCALC -.285 .132 4.622 I .032 .752 
HSRANK .042 .010 18.856 1 .000 1.043 
Constant -1.019 .709 2.065 I .151 .361 
Step 10 TAT .257 .133 3.747 1 .053 1.293 
HSCALC -.316 .131 5.845 1 .016 .729 
HSRANK .038 .009 17.210 1 .000 1.039 
Constant -1.415 .673 4.417 1 .036 .243 
Step 11 HSCALC -.347 .130 7.144 1 .008 .707 
HSRANK .041 .009 20.390 1 .000 1.041 
Constant 
-1.412 .655 4.638 1 .031 .244 
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Year J 
Goodness-of-Gt statistics (-2 Log L = 977.215; Hosmer and Lemeshow A* 
(8) = 12.837) summarized in Table 4.5 indicated that the overall model of fit was 
questionable. The Nagelkeike R^ statistics indicated that the model explained 10.6% of the 
variation found in the dependent variable. However, the model was fairly accurate correctly 
classifying 75.1% of observations. Regression coefficients, Wald statistics, and odds ratios 
for the independent variables are presented in Table 4.22. Similarly to year second, third, and 
fourth-year retention/graduation, Wald statistics indicated that several variables—GENDER, 
TRANS, and HSRANK—were statistically significant predictors of fifth-year 
retention/graduation for students enrolled in biology courses in the Fall 1999 semester. 
Gender was statistically significant (Wald (1) = 6.282; < .05). The odds ratio 
associated with GENDER (e" ^  = .655) indicated that being male was positively associated 
with student retention/graduation in this model. This indicated that male students were 65.5% 
more likely than female students to be retained or graduate. The number of transfer credits 
(TRANS) was also statistically significant (Wald (1) = 14.630; p < .05). The odds ratio 
associated with TRANS (e'^ * = 1.028) indicated that one additional transfer credit increased 
the odds that the student would be retained by increased by 2.8%, holding all other variables 
constant. The final independent variable in this model found to be statistically significant was 
high school rank (HSRANK) (Wald (1) = 55.618;< .05). The odds ratio associated with 
HSRANK (e °^ = 1.034) indicated that a one percentile point increase in a student's high 
school rank increased the odds that the student would be retained increased by 3.4%, holding 
all other variables constant. 
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CAeTMisfry. The fourth-year retention/graduation model for chemistry introduced a 
new significant variable, ethnicity, for the discipline. Goodness-of-Gt statistics (-2 Log L = 
842.292; Hosmer and Lemeshow (8) = 7.683) summarized in Table 4.5 indicated that the 
overall model of Gt was questionable. The Nagelkeike R^ statistics indicated that the model 
explained 9.5% of the variation found in the dependent variable. However, the model was 
fairly accurate correctly classifying 81.7% of observations. 
Regression coefficients, Wald statistics, and odds ratios for the independent variables 
are presented in Table 4.23. Wald statistics found that high school rank (Waid (1) = 52.323; 
< .05) and ethnicity (Wald (1) = 4.537; < .05) were statistically signiGcant predictors of 
Gfth-year retention/graduation for students enrolled in chemistry courses in the Fall 1999 
semester. The odds ratio associated with HSRANK (e °^ = 1.037) indicated that a one 
percentile point increase in a student's high school rank increased the odds that the student 
would be retained by 3.7%, holding all other variables constant. The odds ratio associated 
with ETHNIC (e ^ = 1.633) indicated being a member of an ethnic minority group 
decreased the odds that the student would be retained by 63.3%, holding all other variables 
constant. 
MofAernafK#. Similarly to the findings for fourth-year retention/graduation for 
mathematics, Wald statistics found three statistically signiGcant variables, the number of SI 
sessions attended (TAT), ethnicity (ETHNIC), and high school rank (HSRANK) helped to 
predict if students would be retained during the Gfth-year for students enrolled in math 
courses during the Fall 1999 semester. Goodness-of-Gt statistics (-2 Log L = 520.487; 
Hosmer and Lemeshow A* (8) = 3.533) summarized in Table 4.5 indicated that the overall 
model of Gt was questionable. The Nagelkerke R^ statistics indicated that the model 
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explained 15% of the variation found in the dependent variable. However, the model was 
fairly accurate correctly classifying 75.7% of observations. Regression coefficients, Wald 
statistics, and odds ratios for the independent variables are presented in Table 4.24. 
The number of SI sessions attended was statistically signiGcant (Wald (1) = 4.545; 
< .05). The odds ratio associated with TAT (g ^ = 1.220) indicated that if a student attended 
one additional SI session it would increase the odds that the student would be retained by 
22% holding all other variables constant. Ethnicity (ETHNIC) was also found to be 
signiGcant in this model (Wald (1) = 9.269; < .05). The odds ratio associated with ethnicity 
(gJ J&z _ 3 327) indicated that being a member of an ethnic minority group decreased the odds 
that the student would be retained by 26.9%, holding all other variables constant. 
Finally, HSRANK was once again found to be signiGcant (Wald (1) = 36.482; < .05) with 
an odds ratio of (e °^ = 1.037) indicating that a one percentile point increase in a student's 
high school rank increased the odds that the student would be retained by 3.7%, holding all 
other variables constant. 
P&yjzcs. Wald statistics indicated that two variables—HSCHEM and HSRANK— 
were statistically signiGcant predictors of Gfth-year retention/graduation for students enrolled 
in physics courses in the Fall 1999 semester. Goodness-of-Gt statistics (-2 Log L = 300.283); 
Hosmer and Lemeshow (8) = 2.362, j? ,0.05) summarized in Table 4.5 indicated that the 
overall model of Gt was questionable. The Nagelkerke R^ statistics indicated that the model 
explained 12% of the variation found in the dependent variable. However, the model was 
fairly accurate correctly classifying 80.8% of observations. Regression coefficients, Wald 
statistics, and odds ratios for the independent variables are presented in Table 4.25. 
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The number of semesters a student completed in chemistry (HSCHEM) was a 
significant variable in the model (Wald (1) = 8.968; < .05). The odds ratio associated with 
HSCHEM (e ^ = .610) indicated that if a student earned one additional transfer credit, the 
odds that the student would be retained increased by 61%, holding all other variables 
constant. The second signiGcant variable was high school rank (HSRANK) (Wald (1) = 
20.400; < .05). The odds ratio associated with HSRANK (e ^  = 1.043) indicated that a one 
percentile point increase in a student's high school rank increased the odds that the student 
would be retained by 4.3%, holding all other variables constant. 
of Fz/Wz-Tgar Results summarized in Table 4.26 
illustrate the statistically signiGcant variables for Gfth-year retention/graduation of students 
enrolled in entry level biology, chemistry, mathematics, and physics courses offering SI 
during the Fall 1999 semester. Consistent with the findings for the previous four years in this 
study, High school rank (HSRANK) was found to be statistically signiGcant for all classes. 
Other signiGcant variables included the number of transfer credits (TRANS) earned for 
biology and the number of SI sessions attended (TAT) for students in math. Being a member 
of an ethnic minority group (ETHNIC) for students in chemistry and mathematics was 
negatively associated with student retention/graduation. Similarly for the Gndings for year 
second, third, and fourth-year student retention/graduation, male students (GENDER) were 
more likely to be retained or graduate than female students in biology courses. Finally, the 
number of high school semesters in chemistry (HSCHEM) was positively related to student 
retention/graduation during the Gfth-year for students enrolled in physics courses. 
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Table 4.22. Multiple Logistic Regression Model-Biology Year 5 (2004) 
B S.E. Wald df Sig. Exp(B) 
ACT .008 .025 .108 1 .742 1.008 
TAT .044 .030 2.221 1 .136 1.045 
LCYESNO(l) .129 .241 .288 i .592 1.138 
PELL(1) -.156 .193 .653 1 .419 .856 
GENDER(1) -.433 .172 6.360 1 .012 .648 
ETHNIC2(1) .377 .322 1.376 1 .241 1.458 
FIRSTGEN(l) .215 .305 .496 1 .481 1240 
HSCHEM -.027 .109 .061 1 .805 .973 
HSCALC .009 .109 .007 1 .936 1.009 
HSPHYS .019 .084 .052 1 .819 1.019 
TRANS .027 .007 13.550 1 .000 1.027 
HSRANK .032 .005 37.712 1 .000 1.033 
Constant -1.919 .708 7.352 1 .007 .147 
ACT .009 .025 .127 1 .721 1.009 
TAT .045 .030 2235 .135 1.046 
LCYESNO(l) .130 .241 291 1 .589 1.139 
PELL(1) -.155 .193 .648 1 .421 .856 
GENDER(1) -.434 .172 6.368 1 .012 .648 
ETHNIC2(1) .375 .321 1.369 1 242 1.455 
FIRSTGEN(l) .214 .305 .493 1 .483 1239 
HSCHEM -.026 O
O o
 .057 1 .812 .975 
HSPHYS .020 .084 .058 1 O 0
0 
1.020 
TRANS .027 .007 13.580 1 .000 1.027 
HSRANK .032 .005 38.438 1 .000 1.033 
Constant -1.933 .687 7.923 1 .005 .145 
ACT .008 .025 .109 .741 1.008 
TAT .045 .030 2253 1 .133 1.046 
LCYESNO(l) .129 241 286 1 .593 1.138 
PELL(1) -.156 .193 .655 .418 .856 
GENDER(l) -.433 .172 6.344 .012 .649 
ETHNIC2(1) .379 .320 1.406 1 236 1.461 
FIRSTGEN(1) .216 .305 .504 .478 1242 
HSPHYS .020 .084 .058 1 .810 1.020 
TRANS .027 .007 13.727 ! .000 1.027 
HSRANK .032 .005 38.659 1 .000 1.032 
Constant 
-1.967 .673 8.551 1 .003 .140 
ACT .009 .024 .152 1 .697 1.009 
TAT .045 .030 2270 .132 1.046 
LCYESNO(l) .132 .241 299 1 .584 1.141 
PELL(1) 
-.156 .193 .654 1 .419 .856 
GENDER(1) -.437 .171 6.534 1 .011 .646 
ETHNIC2(1) .373 .319 1.369 1 242 1.453 
Step 1 
Step 2 
Step 3 
Step 4 
176 
B S.E. Wald df Sig. Exp(B) 
FIRSTGEN(l) .218 .305 .514 1 .473 1.244 
TRANS .027 .007 13.698 1 .000 1.027 
HSRANK .032 .005 39.599 1 .000 1.033 
Constant 
-1.978 .671 8.693 ! .003 .138 
Step 5 TAT .044 .030 2.209 I .137 1.045 
LCYESNO(l) .128 .241 .284 1 .594 1.137 
PELL(l) 
-.151 .192 .616 1 .432 .860 
GENDER(1) -.440 .171 6.654 1 o o .644 
ETHNIC2(1) .395 .314 1.585 1 .208 1.485 
FIRSTGEN(l) .222 .305 .533 1 .465 1249 
TRANS .026 .007 13.596 1 .000 1.027 
HSRANK .033 .005 52.486 1 .000 1.033 
Constant -1.842 .571 10.385 1 .001 .159 
Step 6 TAT .041 .029 1.986 1 .159 1.042 
PELL(l) -.155 .192 .648 1 .421 .857 
GENDER(1) 
-.436 .170 6.550 1 .010 .646 
ETHNIC2(1) .394 .314 1.574 1 .210 1.483 
FIRSTGEN(1) .218 .304 .514 1 .473 1.244 
TRANS .027 .007 14.034 .000 1.027 
HSRANK .033 .005 52.314 1 .000 1.033 
Constant -1.715 .520 10.891 1 .001 o 0
0 
Step 7 TAT .041 .029 2.012 1 .156 1.042 
PELL(1) -.136 .190 .512 1 .474 .873 
GENDER(1) 
-.441 .170 6.699 1 .010 .643 
ETHNIC2(1) .417 .312 1.784 .182 1.518 
TRANS .027 .007 14.051 .000 1.027 
HSRANK .033 .005 52.316 1 .000 1.033 
Constant 
-1.545 .462 11.197 1 .001 .213 
Step 8 TAT .042 .029 2.090 1 .148 1.043 
GENDER(1) 
-.432 .170 6.474 1 .011 .649 
ETHNIC2(1) .388 .309 1.574 1 .210 1.474 
TRANS .027 .007 14.287 1 .000 1.027 
HSRANK .033 .005 51.936 1 .000 1.033 
Constant 
-1.614 .452 12.768 1 .000 .199 
Step 9 TAT .043 .029 2.169 1 .141 1.043 
GENDER(1) 
-.444 .169 6.869 1 .009 .641 
TRANS .027 .007 14.526 1 .000 1.028 
HSRANK .033 .005 51.794 1 .000 1.033 
Constant 
-1.240 .338 13.459 .000 .289 
Step 10 GENDER(1) 
-.424 .169 6.282 .012 .655 
TRANS .028 .007 14.630 1 .000 1.028 
HSRANK .033 .004 55.618 1 .000 1.034 
Constant 
-1.258 .338 13.874 1 .000 .284 
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Table 4.23. Multiple Logistic Regression Model-Chemistry Year 5 (2004) 
B S.E. Wald df Si%. Exp(B) 
Step 1 ACT -.013 .029 .194 1 .660 .987 
TAT .032 .036 .815 1 .367 1.033 
LCYESNO(l) .041 .257 .025 1 .874 1.042 
PELL(1) .410 .208 3.895 1 .048 1.507 
GENDER(l) .280 .194 2.092 1 .148 1.324 
ETHNIC2(1) .670 .351 3.631 1 .057 1.953 
FIRSTGEN(1) .257 .368 .486 1 .486 1.293 
HSCHEM -.141 .107 1.746 1 .186 .869 
HSCALC .091 .100 .827 I .363 1.095 
HSPHYS .038 .101 .144 1 .705 1.039 
TRANS .012 .007 2.792 1 .095 1.012 
HSRANK .037 .006 34.651 1 .000 1.037 
Constant -2.291 .853 7.212 1 .007 .101 
Step 2 ACT -.013 .029 .197 1 .658 .987 
TAT .032 .036 .805 1 .370 1.033 
PELL(1) .411 .208 3.901 1 .048 1.508 
GENDER(1) .282 .194 2.116 1 .146 1.325 
ETEINIC2(1) .669 .351 3.620 1 .057 1.952 
FIRSTGEN(l) 258 .368 .491 1 .484 1.294 
HSCHEM -.140 .107 1.736 1 OO OO
 
.869 
HSCALC .091 .100 .830 1 .362 1.095 
HSPHYS .039 .101 .146 1 .702 1.039 
TRANS .012 .007 2.867 1 .090 1.012 
HSRANK .037 .006 34.706 1 .000 1.037 
Constant -2.258 .827 7.448 1 .006 .105 
Step 3 ACT -.011 .029 .160 1 .689 .989 
TAT .032 .036 .819 1 .365 1.033 
PELL(1) .416 .207 4.017 1 .045 1.516 
GENDER(1) .268 .190 1.985 1 .159 1.307 
ETHNIC2(1) .659 .350 3.533 1 .060 1.932 
FIRSTGEN(l) .252 .368 .470 1 .493 1.286 
HSCHEM -.138 .106 1.687 1 .194 .871 
HSCALC .096 .099 .954 1 .329 1.101 
TRANS .011 .007 2.756 1 .097 1.011 
HSRANK .037 .006 35.484 1 .000 1.038 
Constant 
-2.241 .826 7.355 1 .007 .106 
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B S.E. Wald df Si*. Exp(B) 
Step 4 TAT .034 .036 .911 1 .340 1.035 
PELL(1) .410 .207 3.926 1 .048 1.506 
GENDER(1) .272 .190 2.060 1 .151 1.313 
ETHNIC2(1) .650 .350 3.462 1 .063 1.916 
FIRSTGEN(l) .248 .367 .456 1 .499 1282 
HSCHEM -.142 .106 1.778 1 .182 .868 
HSCALC .085 .094 .809 1 .368 1.088 
TRANS .011 .007 2.848 1 .091 1.012 
HSRANK .036 .006 40.422 1 .000 1.037 
Constant -2.425 .686 12.490 1 .000 .088 
Step 5 TAT .035 .036 .958 1 .328 1.035 
PELL(1) .423 .206 4229 1 .040 1.527 
GENDER(1) .271 .190 2.043 1 .153 1.311 
ETHNIC2(1) .645 .349 3.413 1 .065 1.905 
HSCHEM 
-.141 .106 1.774 1 .183 .868 
HSCALC .087 .094 .858 1 .354 1.091 
TRANS .011 .007 2.719 1 .099 1.011 
HSRANK .036 .006 40.102 1 .000 1.036 
Constant -2.175 .576 14280 1 .000 .114 
Step 6 TAT .033 .036 O
O OO 
.348 1.034 
PELL(1) .437 .205 4.545 1 .033 1.549 
GENDER(l) .256 .189 1.836 1 .175 1.292 
ETHNIC2(1) .619 .348 3.174 1 .075 1.857 
HSCHEM -.130 .105 1.518 1 218 .878 
TRANS .011 .007 2.694 1 .101 1.011 
HSRANK .037 .005 49.611 1 .000 1.038 
Constant -2.253 .569 15.689 1 .000 .105 
Step 7 PELL(l) .432 205 4.443 1 .035 1.540 
GENDER(1) 275 .188 2.136 1 .144 1.316 
ETHNIC2(1) .640 .347 3.405 1 .065 1.896 
HSCHEM -.136 .105 1.668 1 .197 .873 
TRANS .011 .007 2.663 1 .103 1.011 
HSRANK .038 .005 50.312 1 .000 1.038 
Constant -2237 .568 15.519 1 .000 .107 
Step 8 PELL(1) .424 .204 4297 1 .038 1.528 
GENDER(1) .268 .188 2.046 1 .153 1.308 
ETHNIC2(1) .646 .346 3.487 1 .062 1.908 
IRANS .012 .007 3.055 1 .080 1.012 
HSRANK .036 .005 48.930 1 .000 1.037 
Constant 
-2.442 .546 19.990 1 .000 .087 
B S.E. Wald df Sig. Exp(B) 
Step 9 PELL(1) .415 .204 4.130 1 .042 1.514 
ETHNIC2(1) .635 .345 3.392 1 .066 1.888 
TRANS .012 .007 3.347 1 .067 1.013 
HSRANK .038 .005 53259 1 .000 1.038 
Constant -2.424 .546 19.685 1 .000 .089 
Step 10 PELL(1) .381 .203 3.512 1 .061 1.463 
ETHNIC2(1) .650 .344 3.560 1 .059 1.915 
HSRANK .036 .005 50.130 1 .000 1.036 
Constant -2.204 .534 17.004 1 .000 .110 
Step 11 ETHNIC2(1) .725 .340 4.537 1 .033 2.065 
HSRANK .036 .005 52.323 1 .000 1.037 
Constant -2.021 .522 15.004 1 .000 .133 
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Table 4.24. Multiple Logistic Regression Model-Mathematics Year 5 (2004) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.041 .037 1.210 1 .271 .960 
TAT .189 .095 4.007 1 .045 1.209 
LCYESNO(l) .102 .399 .065 1 .799 1.107 
PELL(1) .050 .288 .030 1 .862 1.051 
GENDER(1) .354 .260 1.859 1 .173 1.425 
ETHNIC2(1) 1.322 .434 9.273 1 .002 3.753 
FIRSTGEN(l) .163 .478 .117 1 .732 1.178 
HSCHEM -.003 .142 .001 1 .982 .997 
HSCALC -.162 .127 1.619 .203 .850 
HSPHYS .198 .123 2.602 1 .107 1.219 
HIANS .008 .010 .648 1 .421 1.008 
HSRANK .040 .007 30.601 1 .000 1.041 
Constant -2.748 1.063 6.681 I .010 .064 
Step 2 ACT -.041 .037 1.232 1 .267 .959 
TAT .189 .095 4.005 1 .045 1.209 
LCYESNO(l) .102 .398 .066 1 .798 1.107 
PELL(l) .050 .288 .030 1 .862 1.051 
GENDER(1) .354 .260 1.858 1 .173 1.425 
ETHNIC2(1) 1.322 .434 9.271 1 .002 3.752 
FIRSTGEN(l) .163 .478 .116 1 .733 1.177 
HSCALC -.162 .127 1.650 1 .199 .850 
HSPHYS .198 .123 2.605 1 .107 1.219 
TRANS .008 .010 .663 1 .415 1.008 
HSRANK .040 .007 30.600 1 .000 1.041 
Constant -2.752 1.047 6.912 1 .009 .064 
Step 3 ACT -.041 .037 1.213 1 .271 .960 
TAT .189 .095 3.994 1 .046 1.208 
LCYESNO(l) .101 .398 .065 1 .799 1.107 
GENDER(1) .352 .259 1.843 1 .175 1.422 
ETHNIC2(1) 1.338 .425 9.917 1 .002 3.811 
FIRSTGEN(l) .173 .474 .133 1 .715 1.189 
HSCALC -.161 .126 1.628 1 .202 .851 
HSPHYS .198 .123 2.592 1 .107 1.219 
TRANS .008 O
 
o
 
.640 1 .424 1.008 
HSRANK .040 .007 30.604 1 .000 1.041 
Constant -2.741 1.045 6.879 1 .009 .065 
Step 4 ACT -.041 .037 1.223 1 .269 .960 
TAT .187 .094 3.956 1 .047 1.206 
GENDER(1) .356 .259 1.890 1 .169 1.428 
ETHNIC2(1) 1.331 .424 9.854 1 .002 3.783 
FIRSTGEN(1) .171 .474 .130 1 .719 1.186 
HSCALC -.162 .126 1.649 1 .199 .850 
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B S.E. Wald df Sig. Exp(B) 
HSPHYS .196 .123 2.552 1 .110 1.216 
TRANS .008 .010 .676 1 .411 1.008 
HSRANK .040 .007 30.551 1 .000 1.041 
Constant -2.627 .943 7.754 .005 .072 
Step 5 ACT -.041 .037 1.218 ! .270 .960 
TAT .184 .093 3.896 I .048 1.203 
GENDER(l) .355 .259 1.883 1 .170 1.426 
ETHNIC2(1) 1.341 .423 10.053 1 .002 3.824 
HSCALC -.163 .126 1.657 1 .198 .850 
HSPHYS .197 .123 2.591 1 .107 1.218 
TRANS .008 .010 .667 1 .414 1.008 
HSRANK .040 .007 30.477 .000 1.041 
Constant 
-2.459 .819 9.010 1 .003 .086 
Step 6 ACT -.043 .037 1.376 1 .241 .958 
TAT .186 .094 3.935 1 .047 1.204 
GENDER(1) .347 .258 1.802 1 .179 1.414 
ETHNIC2(1) 1.355 .422 10.328 1 .001 3.877 
HSCALC -.165 .126 1.708 1 .191 .848 
HSPHYS .179 .120 2.217 1 .137 1.196 
HSRANK .040 .007 30.548 1 .000 1.041 
Constant 
-2.348 .807 8.461 1 .004 .096 
Step? TAT .195 .094 4.311 1 .038 1.216 
GENDER(1) .362 .258 1.979 1 .159 1.437 
ETHNIC2(1) 1.206 .399 9.128 1 .003 3.340 
HSCALC 
-.181 .126 2.077 1 .150 .835 
HSPHYS .148 .117 1.586 1 .208 1.159 
HSRANK .037 .007 31.156 1 .000 1.037 
Constant -2.978 .610 23.853 1 .000 .051 
Step 8 TAT .198 .094 4.470 1 .034 1219 
GENDER(1) .314 .254 1.527 1 .217 1.369 
ETHNIC2(1) 1.188 .399 8.880 1 .003 3.279 
HSCALC 
-.145 .122 1.414 1 .234 .865 
HSRANK .038 .007 33.699 1 .000 1.039 
Constant 
-2.829 .597 22.449 ! .000 .059 
Step 9 TAT .205 .094 4.785 1 .029 1.227 
GENDER(1) .361 .251 2.071 1 .150 1.435 
ETHNIC2(1) 1.202 .397 9.165 1 .002 3.325 
HSRANK .035 .006 33.158 1 .000 1.036 
Constant 
-2.784 .594 21.929 1 .000 .062 
Step 10 TAT .199 .093 4.545 1 .033 1.220 
ETHNIC2(1) 1.202 .395 9.269 1 .002 3.327 
HSRANK .037 .006 36.482 1 .000 1.037 
Constant 
-2.779 .592 22.018 1 .000 .062 
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Table 4.25. Multiple Logistic Regression Model-Physics Year 5 (2004) 
B S.E. Wald df Sig. Exp(B) 
Step 1 ACT -.060 .049 1.509 1 219 .942 
TAT .192 .120 2.580 1 .108 1212 
LCYESNO(l) .353 1.307 .073 1 .787 1.423 
PELL(l) .730 .388 3.536 1 .060 2.074 
GENDER(1) .689 .520 1.754 1 .185 1.991 
ETHNIC2(1) .481 .771 .389 1 .533 1.617 
FIRSTGEN(l) -.302 .704 .184 1 .668 .740 
HSCHEM -.446 .178 6.261 1 .012 .640 
HSCALC -206 .151 1.857 1 .173 .814 
HSPHYS -.069 .201 .118 1 .731 .933 
TRANS .008 .012 .457 1 .499 1.008 
HSRANK .050 .011 19.228 1 .000 1.051 
Constant -.833 1.897 .193 1 .661 .435 
Step 2 ACT -.059 .049 1.488 1 .222 .942 
TAT .192 .119 2.593 1 .107 1212 
PELL(1) .734 .387 3.588 1 .058 2.083 
GENDER(1) .687 .520 1.744 1 .187 1.987 
ETHNIC2(1) .472 .770 .376 1 .540 1.603 
FIRSTGEN(l) -.307 .703 .191 1 .662 .735 
HSCHEM -.447 .178 6.313 1 .012 .639 
HSCALC -.203 .150 1.822 1 .177 .816 
HSPHYS -.068 .200 .116 1 .733 .934 
TRANS .008 .012 .419 1 .517 1.008 
HSRANK .050 .011 19.323 1 .000 1.051 
Constant 
-.492 1.413 .121 1 .728 .611 
Step 3 ACT -.062 .048 1.657 1 .198 .940 
TAT .190 .119 2.572 1 .109 1210 
PELL(1) .718 .385 3.487 1 .062 2.050 
GENDER(l) .695 .520 1.784 1 .182 2.003 
ETHNIC2(1) .475 .769 .382 1 .537 1.608 
FIRSTGEN(l) -.314 .703 .200 1 .655 .730 
HSCHEM -.447 .178 6.334 1 .012 .640 
HSCALC 
-.212 .148 2.056 1 .152 .809 
TRANS .009 .011 .671 1 .413 1.009 
HSRANK .050 .011 19.376 ! .000 1.051 
Constant -.545 1.401 .151 1 .697 .580 
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B S.E. Wald df Sig. Exp(B) 
Step 4 ACT -.063 .048 1.728 1 00
 
VD .939 
TAT .192 .120 2.577 1 .108 1.212 
PELL(l) .723 .384 3.552 1 .059 2.061 
GENDER(1) .697 .519 1.798 1 .180 2.007 
ETHNIC2(1) .446 .766 .339 1 .561 1.562 
HSCHEM -.440 .176 6.232 1 .013 .644 
HSCALC -.212 .148 2.054 1 .152 .809 
TRANS .009 .011 .692 1 .406 1.009 
HSRANK .050 .011 19.375 1 .000 1.051 
Constant -.798 1.273 .393 1 .531 .450 
Step 5 ACT -.057 .047 1.492 1 222 .944 
TAT .192 .119 2.618 1 .106 1.212 
PELL(l) .733 .383 3.671 1 .055 2.082 
GENDER(1) .686 .519 1.743 1 .187 1.985 
HSCHEM -.449 .176 6.536 1 .011 .638 
HSCALC -.214 .148 2.094 1 .148 .807 
TRANS .009 .011 .674 1 .412 1.009 
HSRANK .050 .011 19.267 1 .000 1.051 
Constant -.488 1.164 .176 1 .675 .614 
Step 6 ACT -.054 .047 1.360 1 .244 .947 
TAT .200 .118 2.876 1 .090 1.221 
PELL(l) .704 .381 3.409 1 .065 2.022 
GENDER(1) .671 .518 1.676 1 .196 1.956 
HSCHEM -.469 .174 7.281 1 .007 .626 
HSCALC -.203 .146 1.925 1 .165 .816 
HSRANK .048 .011 19.047 1 .000 1.049 
Constant -.284 1.135 .063 1 .803 .753 
Step 7 TAT .214 .122 3.094 1 .079 1.239 
PELL(1) .661 .379 3.047 1 .081 1.938 
GENDER(l) .680 .517 1.728 1 .189 1.973 
HSCHEM -.493 .172 8.176 1 .004 .611 
HSCALC -.250 .141 3.164 1 .075 .779 
HSRANK .043 .010 18.234 1 .000 1.044 
Constant 
-1.233 .794 2.413 1 .120 .291 
Step 8 TAT .233 .124 3.491 1 .062 1.262 
PELL(l) .716 .377 3.598 1 .058 2.045 
HSCHEM -.505 .172 8.648 1 .003 .604 
HSCALC 
-.248 .139 3.167 1 .075 .780 
HSRANK .046 .010 20.558 1 .000 1.047 
Constant -1.332 .791 2.837 1 .092 .264 
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B S.E. Wald df Sig. Exp(B) 
Step 9 TAT .244 .127 3.708 1 .054 1.277 
PELL(1) .627 .372 2.840 1 .092 1.871 
HSCHEM -.539 .170 10.046 1 .002 .583 
HSRANK .042 .010 18.667 1 .000 1.043 
Constant -1.131 .777 2.118 1 .146 .323 
Step 10 TAT .248 .127 3.787 1 .052 1.281 
HSCHEM -.502 .167 9.080 1 .003 .605 
HSRANK .041 .010 17.829 1 .000 1.042 
Constant 
-.622 .713 .762 1 .383 .537 
Step 11 HSCHEM -.494 .165 8.968 1 .003 .610 
HSRANK .042 .009 20.400 1 .000 1.043 
Constant -.620 .696 .795 1 .373 .538 
Table 4.26. Summary of Statistically Significant Variables in Logistic Regression Models 
Biology Chemistry Mathematics Physics 
Odds p value Odds p value Odds Rvalue Odds p value 
ratio ratio ratio ratio 
First Year (2000) 
HSRANK 1.036 .000* 1.046 .000* 1.035 .000* 1.021 .051* 
TAT 1.148 .008* 2.031 .139 
HSPHY 1.234 .030* 
TRANS 1.018 .016* 
HSCALC .695 (-) .016* 
Second Year (2001) 
HSRANK 1.038 .000* 1.039 .000* 1.041 .001* 1.049 .000* 
TRANS 1.024 .001* 
GENDER .598 (-) .004* 
HSCALC .678 (-) .006* 
HSPHY .662 (-) .031* 
PELL 2.375 .022* 
Third Year (2002) 
HSRANK 1.034 .000* 1.035 .000 1.038 .000* 1.052 .000* 
GENDER 639 (-) .009* 
TRANS 1.020 .003* 
HSCALC .622 (-) .001* 
HSCHEM .683 (-) .028* 
PELL 2.511 .014* 
Fourth Year (2003) 
HSRANK 1.036 .000* 1.038 .000* 1.035 .000* 1.041 .000* 
GENDER 655 (-) .012* 
TRANS 1.027 .000* 
PELL 1.633 .014* 
TAT 1.220 .035* 
ETHNIC 2.501 .021* 
HSCALC -707 (-) .008* 
Fifth Year (2004) 
HSRANK 1.034 .000* 1.037 .000* 1.037 .000* 1.043 .000 
GENDER .655 (-) .012* 
TRANS 1.028 .000* 
ETHNIC 2.065 .033* 3.327 .002* 
TAT 1.220 .033* 
HSCHEM .610 (-) .003 
0.05 
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Conclusion 
This chapter described the data analyses for the research questions in this study 
organized by academic discipline, in three main sections. The first section summarized the 
descriptive statistics to address measures of central tendency and variability in the sample 
demographics by presenting frequencies, means, and standard deviations for SI participants 
and non-SI participants for each academic discipline. The second section summarized the 
findings for the first research question in the study, which examined whether SI participants 
were retained at higher rates than non-SI participants. The third section, organized by 
academic year, summarized the Endings for the second research question in this study, which 
attempted to determine which of twelve independent variables helped to predict student 
retention/graduation. A summary of the Endings will be presented in Chapter 5. 
The findings in this study expand on the research study by Hensen and Shelley (2003) 
and provide valuable information to Iowa State University and other institutions with SI 
programs, or to those looking to implement such a program, about the ability of SI to 
enhance student retention. In addition, this study contributes to the literature on student 
retention by identifying specific independent variables that help predict student 
retention/graduation over a Eve-year period. Additionally, the Endings may be used to 
inform institutional leaders, policymakers, and the public about how SI can help retain 
students and encourage the expansion of SI programs to meet the needs of additional 
students. The next chapter presents a summary of the study, discussion of the Endings, 
implications for practice, and recommendations for future research. 
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CHAPTERS 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Of the 16.5 million undergraduates enrolled in institutions of higher education (U.S. 
Department of Education, 2004), it is estimated that just 54% will earn a degree within six 
years (Choy, 2002). The number who fail to graduate is concerning, given U.S. Department 
of Labor estimates that "six out of ten jobs in our economy depend on highly trained workers 
with the requisite advanced skills that are available only to those possessing some 
postsecondary education or training" (McDonough, 2004). In an era of accountability, budget 
shortfalls, and competition to recruit students, institutions are committed more than ever to 
Ending ways to increase student retention. Not only does student retention account for 75% 
of an institution's population and tuition revenues (Dennis, 1998), but high rates of 
institutional departure also can negatively impact an institutions' public perception (Braxton, 
2001). 
Finding a solution to help a diverse group of learners persist in college and complete 
a degree is a challenging proposition. Research suggests that student attendance patterns at 
institutions of higher education have become increasingly complex (Borden, 2004), with 
28% percent of students likely to transfer after their Erst year (McCormick, 1997). 
Despite many years of research, hundreds of publications, and many carefully 
controlled studies on factors contributing to attrition and retention, very few solutions 
to the complex problems have been identiEed. The main conclusion to draw E"om the 
research is that it is impossible to isolate a single cause for attrition—no simple 
solution exists. Still, general conclusions can be drawn from the research, which show 
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that improved retention is possible and that action programs can be formulated to 
respond to circumstances on particular college campuses (Beal & Noel, 1985, p.3). 
While stated twenty years ago, this quote still captures the essence of what is known 
today about student retention—retention is a complex issue, but there are ways institutions 
can help increase students' chances of persisting toward a degree. This study analyzed one 
such approach for enhancing student retention, a Supplemental Instruction (SI) program at a 
Midwestern Doctoral Extensive Institution, with regard to its effectiveness in helping 
students overcome the multiple factors that impede retention and degree attainment. This 
final chapter provides a summary of this research study organized into the following five 
sections: (1) summary of the study; (2) Endings; (3) discussion of the conclusions; (4) 
implications for practice, and (5) review of limitations and recommendations for future 
research. 
Summary of the Study 
Zzferafwre .Review 
For centuries institutions of higher education have offered a variety of academic 
support programs, including peer tutoring, study skills courses, remedial academic courses, 
and individual learning consultations to assist students. Academic support programs are 
designed to meet a variety of needs, including providing remedial or additional academic 
assistance, compensating for disadvantaged socioeconomic backgrounds, filling in gaps from 
inadequate secondary school preparation, assisting with students who failed to meet entrance 
requirements, and/or helping students compete in competitive academic programs (Blanc et 
al., 1983; Losak & Miles, 1992, Rose, 1989). 
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One such academic program, SI, has been implemented by over 800 institutions 
worldwide. The SI model was designed and grounded using a theoretical framework of 
student development theory, cognitive development models, learning collaboration methods, 
and retention research, using the work of Piaget, Vygotsky, Dale, Tinto, Weinstein, and 
Keimig. The goals of SI include improving students' grades in traditionally difficult courses, 
increasing student retention rates, helping students develop study strategies to assist them in 
future coursework, and increasing graduation rates (Behrman et al., 1984; Martin et al., 1983; 
Peters, 1990; Prather, 1983; Wolfe, 1987). 
There are more than 450 citations in the professional literature concerning SI in the 
U.S. and abroad (Arendale, 2000) demonstrating that SI participants earn higher final course 
grades and withdraw at lower rates than do non-participants in a variety of academic 
disciplines at a variety of different types of institutions (private, public, fbur-year, two-year, 
law and medical schools) controlling for background characteristics. Little research, 
however, has been conducted outside of the University Missouri of Kansas City (UMKC) 
regarding the longitudinal retention rates of SI participants. 
The purpose of this study was to determine if SI participants in entry-level biology, 
chemistry, mathematics, and physics courses in the Fall 1999 were retained at higher rates 
than non-SI participants, and to identify which predictor variables (demographic, 
achievement, and level of SI participation) helped increase the likelihood that a student was 
retained or graduated. The theoretical framework for this study was drawn from the 
foundation models of retention research, including Tinto's Academic and Social Integration 
Model (1993), Astin's Involvement Model (1987,1993), and more contemporary 
contributions to these paradigms stemming from the work of Bean and Eaton (2001) and 
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Braxton (2000). These models emphasize that a combination of variables, including students' 
pre-entry characteristics, goals and commitments, experiences at the institution, and ability to 
integrate into the social system at the institution, impact their decision to stay or leave. 
Despite years of research on retention, results are inconclusive and often 
contradictory about what contributes to higher student retention. The aforementioned theory-
based retention models have established retention as a longitudinal process involving a 
number of interrelated variables. A review of retention research found a number of variables 
that have been positively or negatively correlated with student retention, including cognitive 
variables (high school rank, entrance exam scores, high school grade point average), gender, 
ethnicity, socioeconomic status, and involvement in a wide variety of curricular and non-
cunicular activities. 
The sample for this study consisted of 3,286 students enrolled in entry-level biology, 
chemistry, mathematics, or physics courses offering SI during the Fall 1999 academic year. 
The variables included in this study were selected based on the extensive literature review 
presented in Chapter 2 to understand further which predictor variables helped increase the 
likelihood that students were retained or graduated from ISU. The dependent variable for all 
analyses was the dichotomous variable retention, which was coded to indicate if a student 
returned for the next consecutive year of college—measured Fall semester to Fall semester 
by the 10* day of classes (0 = not retained; 1 = retained or graduated from the institution). 
Data screening techniques to identify students enrolled in multiple courses within the 
same discipline (Math 142 and 165), missing data, and outliers in the study were conducted 
before inferential analysis was undertaken. Twelve independent variables included in the 
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study were divided into three categories: demographic, achievement, and level of SI 
participation. The demographic variables included gender (GENDER), ethnicity (ETHNIC), 
Pell Grant eligibility (PELL), learning community participation (LC), and first generation 
status (FIRSTGEN). 
The achievement variables included in the study were: high school rank (HSRANK); 
ACT composite score (ACT); high school semesters completed in calculus (HSCALC), 
chemistry (HSCHEM), and physics (HSPHY); and transfer credits earned (TRANS). Finally, 
(TAT) represented the number of SI sessions a student attended. For the purpose of this 
study, SI participation was defined as a student who attended 2 or more SI sessions for a 
single course. 
Demognzp&zcs q/" 
Descriptive statistics were presented to address measures of central tendency and 
variability in the sample demographics by presenting frequencies, means, and standard 
deviations for the students enrolled in entry-level biology, chemistry, mathematics, or 
physics courses offering SI during the fall 1999 semester. Thirty percent (;z = 323) of 
students enrolled in biology courses participated in SI while 22% percent (% = 258) 
participated in SI for chemistry courses. SI participation for mathematics and physics was 
significantly less with 13% (m = 85) and 12% (n = 50) of students participating respectively. 
In total, SI participants spent 3,855 contact hours at SI sessions and attended a mean of 5.4 
sessions (SD = 4.155). 
The SI participants in the study were found to be 56.1% female, 6.9% ethnic 
minority, 6% first generation, and 26% Pell Grant eligible. While learning community 
participation rates were relatively small for students in this study, a signiGcant percentage of 
192 
the learning community participants chose to participate in the SI program. Forty-six percent 
(% = 57) of learning community participants enrolled in biology courses participated in SI, 
26% (% = 36) enrolled in chemistry courses, 18% (/z = 9) enrolled in math courses, and 20% 
(yz = 1) enrolled in physics courses. 
SI participants reported an average higher mean high school rank (80.63) than the 
non-SI participants (76.51), lower mean ACT composite scores (24.78, compared to 25.19), 
and had fewer semesters of calculus, chemistry, and physics in high school than non-SI 
participants. Despite lower entrance exam scores and fewer semesters of preparation in 
science and math, SI participants earned significantly higher final course grades than non-SI 
participants. 
A/mma/y ofDafa vd/za/yazs aW .R&searcA Fwwfzngs 
jfesearc/z gwasfzo/z 7; Doe; /)arZiczpafzoM z% a» 67^program z» erz&y-ZeveZ 6zo/ogy, cAefMzafTy, 
mafAemaA'c^, or /)Ay^zcy cowraes jprecfzcf zfwz/Z 6e refazne^ of Tbwa &afe 
[/nzver^zfy? 
Chi-square analysis, based on two-way contingency tables, was used to answer this 
first research question. As illustrated in Table 4.4, results over a five-year period revealed 
that the retention/graduation rate for students enrolled in biology, chemistry, mathematics, 
and physics courses in the Fall 1999, while it did not always rise to a level of statistical 
significance, was higher (p = 0.05) for SI participants than non-SI participants. The 
retention/graduation rate for SI participants was also higher than the mean institutional 
retention over a four-year period. 
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ifesewcA gru&rfzoM 2: fFAzcA vana6/a$ ^emogrqpAfc, acAzevemenf, ZeveZ q/"^7 
^arfzcfpaffom) Ae/p mcrg&;e /Ae /zWzAcxxf fAaf a jfWenf wz// 6e refamaf or gra^uafg Tmva 
&a^e L/nzver^;(y? 
Backward stepwise multiple logistic regression analysis, a multivariate statistical 
method, was used to answer the second research question to determine which independent 
variables most effectively predicted student retention or graduation. High school rank 
(HSRANK) was the predictor variable that most accurately predicted student 
retention/graduation for each academic discipline (biology, chemistry, mathematics, and 
physics) over a five-year period. This means that students with higher high school rank 
scores were more likely to be retained or graduate than were students with lower scores. The 
remainder of significant variables, in addition to high school rank, will be presented in the 
following section by academic discipline. 
First-year retention/graduation for students in biology was predicted by the 
number of SI sessions attended (TAT), semesters of high school physics (HSPHYS), and the 
number of transfer credits (TRANS) a student completed. The more SI sessions, semesters of 
high school physics, or transfer credits a student earned, the more likely the probability that 
the student would be retained or graduate. For each following year, retention was best 
predicted by high school rank (HSRANK), the number of transfer credits (TRANS), and 
gender. Gender was negatively correlated with retention/graduation indicating that female 
students were less likely to be retained or graduate than male students. 
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CAemziffry. High school rank was the only significant variable to predict first, second, 
and third-year retention/graduation for students enrolled in chemistry. In the fourth year, Pell 
Grant (PELL) eligibility, in addition to high school rank, was found to be a significant 
predictor. Students who did not qualify for a federally funded Pell Grant were more likely to 
be retained that those who did qualify. Fifth-year retention was best predicted by ethnicity 
(ETHNIC) and high school rank. Students in ethnic minority groups were found to be less 
likely to be retained or graduate than students in the majority group. 
MzfAemafzcs. In addition to high school rank, the only other significant predictor for 
first year retention/ graduation for students enrolled in math courses was the number of high 
school semesters of calculus (HSCALC) a student earned. In other words, the more semesters 
of calculus a student had completed in high school, the more likely the student would be 
retained in the first year. Second and third-year retention/graduation was predicted by only 
high school rank. In addition to high school rank, fourth and fifth-year retention/graduation 
were predicted best by the number of SI sessions students attended (TAT) and whether the 
student was a member of an ethnic minority group (ETHNIC). The more SI sessions students 
attended, the more likely the student would be retained or graduate. Finally, students in 
ethnic minority groups were found to be less likely to be retained or graduate than were 
students in the majority group. 
PAyaics. High school rank once again was a significant predictor of 
retention/graduation for students enrolled in physics courses for all five years. The number of 
SI sessions attended (TAT) was significant for student retention/graduation during the first 
year. In other words, the more SI sessions students attended, the more likely the student 
would be retained or graduate. Pell grant eligibility (PELL) was a significant predictor for 
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second-year retention/graduation, indicating that those who qualified for a federally funded 
Pell Grant were less likely than those who did not to be retained or graduate. In addition, the 
number of high school semesters of calculus (HSCALC) and physics (HSPHYS) courses 
were positive predictors, indicating that students who had more exposure to these subjects 
were more likely to be retained or graduate during the second year. 
In the third year, high school rank and Pell Grant eligibility once gain were predictors 
of student retention/graduation. The number of semesters of calculus and chemistry (rather 
than physics) were positively associated with students being retained or graduating. Fourth-
year retention was predicted by high school rank and the number of semesters of calculus a 
student completed. Finally, fifth-year retention was predicted by high school rank and 
positively associated with the number of semesters of high school chemistry a student 
completed. The more semesters ofhigh school coursework students earned, the more likely 
the student was to be retained or graduate. 
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The following is a summary of the major findings in this study for students enrolled in 
entry-level biology, chemistry, mathematics, and physics courses offering SI in the Fall 1999. 
1. SI participants had higher retention/graduation rates than non-SI participants in each 
academic discipline over a five-year period. 
2. High school rank was the most significant predictor of student retention/graduation 
for students enrolled in biology, chemistry, mathematics, and physics courses over a 
five-year period. Students with higher high school rank scores were more likely to be 
retained or graduate than those with lower scores. 
3. SI participation was one of the most significant predictors of first-year 
retention/graduation for students enrolled in biology and physics courses. The more 
SI sessions students attended in biology or physics, the more likely it was for the 
student to be retained or graduate. 
4. SI participation was one of the most significant predictors of fourth and fifth-year 
retention/graduation for students enrolled in mathematics courses. The more SI 
sessions a student attended for math courses, the more likely the student would be 
retained or graduate in the fourth or fifth year of college. 
5. The number of transfer credits was one of the most significant predictors of student 
retention/graduation across all five years for students enrolled in biology courses. The 
more transfer credits students earned, the more likely a student would be retained or 
graduate across all five years. 
6. The number of semesters ofhigh school physics was one of the most significant 
predictors of first-year retention/graduation for students enrolled in biology courses. 
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The more semesters ofhigh school physics students completed, the more likely they 
would be to be retained or graduate. 
7. The number of semesters ofhigh school calculus was positively associated with the 
prediction of first-year retention/graduation for students enrolled in mathematics 
courses, meaning that the more experience students had with calculus in high school, 
the more likely they would be retained in the first year of college. 
8. The number of semesters ofhigh school physics and calculus were found to be 
positive predictors of second-year retention/graduation for students enrolled in 
physics. In other words, the more exposure students had to physics and calculus in 
high school, the more likely they would be retained or graduate in the second year of 
college. 
9. The number of semesters ofhigh school chemistry and calculus were found to be 
positive predictors of third-year retention/graduation for students enrolled in physics. 
In other words, the more exposure students had to chemistry and calculus in high 
school, the more likely they would be retained or graduate in the third-year of college. 
10. The number of semesters ofhigh school calculus was found to be a positive predictor 
of fourth-year retention/graduation for students enrolled in physics, meaning the more 
experience students had in high school calculus, the more likely they would be 
retained or graduate in the fourth-year of college. 
11. The number of semesters ofhigh school chemistry was found to be a positive 
predictor of fifth-year retention/graduation for students enrolled in physics, meaning 
the more experience students had in high school chemistry, the more likely they 
would be retained in the fifth-year of college. 
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12. Gender was found to be a negative predictor of second, third, fourth, and fifth-year 
retention/graduation for female students enrolled in biology courses. This means that 
male students were more likely than female students to be retained or graduate. 
13. Pell Grant eligibility was a found to be a significant predictor of second and third-
year retention/graduation for students enrolled in physics courses. Physics students 
who qualified for a federally funded Pell Grant were less likely than those who did 
not qualify to be retained or graduate in physics in the second and third years. 
14. Pell Grant eligibility was a significant predictor of fourth-year retention/graduation 
for students enrolled in chemistry courses, meaning that students enrolled in 
chemistry who qualified for a Pell Grant to pay for college costs were less likely than 
students who did not qualify to be retained or graduate the fourth year. 
15. Ethnic minority status was a significant predictor for fourth and fifth-year retention in 
mathematics meaning, that students who were non-white were less likely than white 
students to be retained or graduate during the fourth or fifth year. 
16. Ethnic minority status was a significant predictor of fifth-year retention for students 
enrolled in chemistry courses. In other words, non-white students were less likely 
than white students to be retained or graduate in the fifth year. 
17. ACT composite score, learning community participation, and first generation status 
were not found to be significant predictors of student retention/graduation in this 
study. 
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Conclusion and Discussion 
The findings in this study confirm that SI participants in entry-level biology, 
chemistry, mathematics, and physics courses are retained at higher rates than were non-SI 
participants over a five-year period. High school rank was the most accurate predictor of 
student retention/graduation for each discipline across the five-year period. Other specific 
demographic, academic achievement, and level of SI participation variables that were most 
important in predicting student retention/graduation varied by discipline and year. 
The findings of this study support Tinto's (1993) Academic and Social Integration 
model, which postulated that student retention should be examined by considering students' 
integration or lack thereof into the social and academic systems of the college. By examining 
a combination of student's pre-entry characteristics, their goals and intentions, and 
institutional experiences, Tinto stated that educators should have a better understanding of 
why students decide to stay or to leave an institution. The next section of this chapter focuses 
on the research results related to the demographic, achievement, and level of SI participation 
variables in this study within the context of the literature review presented in Chapter 2. The 
implications of these Endings for institutional practice also will be discussed in the 
subsequent section. 
The demographic variables in this study consisted of gender, ethnicity (ETHNIC), 
Pell Grant eligibility (PELL), learning community participation (LC), and first generation 
status (FIRST). 
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Ge/wkr. On college campuses today, female students out number male students 
(Peltier et al., 1999). Gender was not found to be a significant predictor of student 
retention/graduation for chemistry, mathematics, or physics in this study as is consistent with 
prior research (Murtaugh et al., 1999; Reason, 2001). Gender, however, was found to be a 
negative predictor of second, third, fourth, and fifth-year retention/graduation for students 
enrolled in biology courses, meaning that male students were more likely than female 
students to be retained or graduate. Interestingly, SI participation for students enrolled in 
biology was found to be a significant predictor of student retention/graduation in the first 
year, and fewer male students (%= 101) than female (%= 218) participated in SI. Overall, 
females represented 56.1% of SI participants in this study. Additional research is needed to 
determine why male students were more likely to be retained or graduate than female 
students in biology and whether or not female retention is lower, in general, in biological 
science disciplines. 
jTfWcffy. Due to low numbers of ethnic minority students included in the sample, as 
shown in Table 4.1, the researcher decided to combine the African American, Hispanic, 
Asian/Pacific Islander, and American Indian/Alaskan Native subpopulations into one group. 
There are significant limitations to this decision, because research has found that 
Asian/Pacific Islander students are more likely than members of other racial groups to be 
retained in college (Astin, 1997; Murtaugh et. al, 1999; Peltier et. al., 1999). The other option 
was to eliminate ethnicity from the study (as was done with U.S. citizenship), and it was 
determined that this would significantly diminish the outcome of the study. Future research 
should examine the differential effects related to race, ethnicity, and SI because, as studies 
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suggest, the experiences of students of color are likely to be different from the experiences of 
white students at predominantly white institutions (Flowers, 2004). 
With the aforementioned in mind, ethnicity was found to be a significant predictor of 
student retention/graduation for students enrolled in mathematics and chemistry courses. 
Consistent with previous research findings (Astin, 1997; Flowers, 2004; Wohlgemuth et al., 
2004), this study found that ethnic minority status was a significant predictor for fourth and 
fifth-year retention in mathematics, meaning that white students were more likely than ethnic 
minority students to be retained or graduate during the fourth or fifth year. In addition, ethnic 
minority status also was a significant predictor of fifth-year retention for students enrolled in 
chemistry courses. 
It is important to note the percentages of ethnic minority students who comprised the 
ethnic minority category. In chemistry, 33% percent of the students in this category were 
African American, 33% Hispanic, 35% Asian/Pacific Islander, and 8% Native 
American/Alaskan native. In mathematics, 29% of the ethnic minority students were African 
American, 21% were Hispanic, 42% were Asian/Pacific Islander, and 8% were Native 
American/Alaskan native. Research has found that African American, Native American, and 
Hispanic ethnicity is negatively correlated with student retention, while Asian-
American/Pacific Islander ethnicity was positively correlated with student retention (Astin, 
1997; Flowers, 2004). 
This study found that ethnic minority students who participated in SI were retained at 
significantly higher rates than did those who did not participate. Perhaps this can be 
attributed to the decision to group these ethnicities into one category, with a high 
representation of Asian/Pacific Islander students in the group. Yeh (2004), however, cautions 
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that, while research typically has indicated that students of Asian decent are more likely to 
persist and graduate at rates higher than even white students, subgroups of Asian students 
have demonstrated very low retention and graduation rates. 
Another rationale could be the findings of Tinto (1997) and Cabrera et al. (2002) that 
all students, regardless of gender or ethnicity, benefit from collaborative learning experiences 
like that utilized in SI sessions. Research on collaborative learning suggests learning is 
enhanced when students are actively involved in learning with others and are placed in 
situations where they can raise their understanding of the material by discussing and problem 
solving with their peers (Astin, 1993; Light, 1990). 
fe// While increases in college attendance and educational 
attainment can be attributed in large part to increases in federal student aid, considerable gaps 
remain in college access for low-income and high-income students (Gladieux & Swail, 
1999). In 1992, only 44% of students from lower-income families enrolled in college, 
compared to 80% of those from higher-income families (U.S. Department of Education, 
2004). Socioeconomic status, as described in Chapter 2, is a background variable that has 
been shown to impact student retention and degree attainment (Astin, 1993; Pascarella & 
Terrenzini, 1991). Students who are eligible for federally funded Pell Grants represent those 
in need of the most assistance to pay for college costs. 
In the present study, Pell Grant eligibility was found to be a significant predictor of 
second and third-year retention/graduation for students enrolled in physics courses, and it . 
was also found to be a significant predictor of fourth-year retention/graduation for students 
enrolled in chemistry courses. In other words, students who needed the most financial 
support to pay for college costs were less likely to be retained than those who did not. 
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A recent study by Saunders (2004) found that for students from low socioeconomic 
backgrounds, increases in students' grant/budget ratio, such as a Pell Grant, were associated 
with increases in students' self-reported levels of academic and social integration. As 
research from Tinto (1987; 1993) suggests, academic and social integration into the college 
environment is positively correlated with student retention and graduation. Additional 
research is needed to determine strategies to help increase the academic and social 
integration of students from financially disadvantaged backgrounds at this institution. 
lea/THMg CoTMTMWMify Parfzczpafzwz. Research on learning communities, an intentional 
efbrt to create an "integrated and connected curricular learning experience" for students, has 
demonstrated positive benefits for students (Epperson, 2000; Matthews et al., 1997; Tinto, et 
al., 1993; Braxton & Mundy, 2001). In describing the multitude of different types of learning 
communities, Lenning and Ebbers (1999) stated the most successful are cross-curricular, 
"concentrated, longer-term approaches that involve faculty as active, intentional participants" 
(p. 77), although all types of learning communities have been found to "bring about 
significant positive change in students if they are done well." 
Despite prior research findings at ISU regarding the positive relationship between 
learning community participation and student retention (Epperson, 2000), learning 
community participation was not found to predict student retention or graduation positively 
for any academic discipline in this study. One possible explanation for this could be the 
relatively small numbers of learning community participants in the study (»= 125 biology; % 
= 137 chemistry; 51 mathematics, and n= 5 in physics). A second observation is that two 
of the learning communities with students in this study enrolled in entry-level biology and 
chemistry courses experienced significant reductions (9.3% and 15.7%) in student retention 
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in 1999. While it is unclear what accounted for the lower retention rates, this could have 
impacted the results of the current study (Iowa State University, 2004). 
SI and learning communities have been important partners in enhancing student 
retention for students at ISU since learning communities were first implemented in 1995 
(Brooke & Gruenewald, 1999). The learning community central budget provides financial 
support to offer SI for traditionally difficult courses learning community students may have 
to take during their first year of college. Learning community participation rates in SI and 
final grade outcomes are tracked annually, and learning community students who participate 
in SI typically have earned higher final course grades than the mean SI participation or mean 
class grade (Hensen, 2004). Both the learning community and SI programs were very newly 
institutionalized during the Fall 1999 semester, which could account for the findings in this 
study. Additional research is needed to examine the impact of participation in learning 
communities at ISU and the relationship between participation in learning communities and 
SI. 
firsf Generafzon In 1992, 54% of students whose parents had completed high 
school enrolled in college compared to 82% of students whose parents were college-educated 
(U.S. Department of Education, 2004). First generation status was not found to be a 
significant predictor of student retention in this study. These findings support those of 
another study conducted at ISU by (Wohlgemuth et al., 2004), which concluded that first 
generation students had significantly lower fourth-year graduation rates, but otherwise had no 
more difficultly than other students persisting at ISU. 
Other research, including a study conducted by the National Center for Education 
Statistics (2001), has found that, after controlling for academic preparation and 
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postsecondary achievement, parents' education was a significant factor in determining if 
students would be retained at their initial institution after three years. Students whose parents 
earned a bachelor's degree were more likely than first generation students to be retained. 
However, first generation students who took rigorous coursework in high school significantly 
increased their chances of being retained. 
The findings in this study could be related to the low percentages of first-year 
students (7% in each discipline) represented in this study. Overall, the findings are good 
news for first generation students at ISU, in that they have an equal chance of being retained 
or graduating as those students whose parents received a college education. 
The achievement variables in this study consisted ofhigh school rank (HSRANK), 
ACT composite score (ACT), the number ofhigh school semesters of calculus (HSCALC), 
chemistry (HSCHEM), and physics (HSPHYS), and the number of transfer credits earned 
(TRANS). 
#zgA An abundance of research has identified cognitive variables, 
including high school ranks, as the leading measures of college success, even though these 
variables have provided limited information to predict college success accurately (Astin, 
1993; Tinto, 1997; Zheng et al., 2002). In this current study, high school rank was the most 
significant predictor of student retention/graduation for students enrolled in biology, 
chemistry, mathematics, and physics courses over a five-year period. High school rank is a 
percentile rank within a student's high school graduation class, with 99 as the highest score 
and 1 as the lowest. A high school rank of 90 can be interpreted as 90% percent of students at 
the student's high school achieved grade point averages equal to or below the grade point 
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achieved by a this particular student, or, in other words, that this student was in the top 10% 
of his or her graduating class. 
High school rank and college entrance exams are important factors used in college 
admissions decisions. At ISU, students must have an ACT composite score of 22 or higher 
and/or be in the top 50% of their high school class to be accepted for admission. This study's 
findings support the continued use ofhigh school rank for admissions decisions and 
emphasizes that students' academic performance in high school does predict their college 
retention/ graduation. 
CompaMfe .Score. Contrary to the findings in other studies (Reason, 2001; 
Wohlgemuth et al., 2004; Zheng et al., 2002), ACT composite score was not a significant 
predictor of retention/graduation in the present study. The ACT composite score is the 
average score of the four test components-English, mathematics, reading, and science-earned 
on a single test administration, rounded to the nearest tenth number (ACT, 2004). Reason 
(2001) found that the ACT composite score significantly predicted between-year retention 
for white and African American students. The study also found that the average ACT 
composite score for a student's high school was a significant predictor of between-year 
student retention. In other words, the ACT composite score may be used as a way to assess 
the quality or level of academic rigor of a student's high school which has been found to 
impact students' postsecondary retention and graduation (Adelman, 2000; National Center 
for Education Statistics, 2001). The mixed findings between this study and others suggest 
that additional research is needed to investigate the use of standardized tests such as the ACT 
composite score as a predictor of student retention and success. 
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AWzAer ofo/"f/iigA ^ cAoo/ Ca/cw/wj, CAe/MMf/y, aW fAyafcs. Adelman 
(1999) reported that there was no better predictor of college enrollment and degree 
attainment than the rigor ofhigh school courses, specifically for mathematics. Interestingly, 
the number of semesters ofhigh school calculus, chemistry, and physics had mixed findings 
as predictors of student retention/graduation in this study. High school coursework in physics 
was particularly helpful for students enrolled in biology courses, and was one of the most 
significant predictors of first year retention/graduation. This could be interpreted to mean that 
the more semesters of physics students had in high school, the more likely they were to be 
retained or to graduate during the first year. 
High school coursework in calculus was also positively associated with the prediction 
of first-year retention/graduation for students enrolled in mathematics courses, and second, 
third, and fourth-year retention/graduation for students enrolled in physics courses. In 
addition, the number of semesters of chemistry coursework was found to be positively 
associated with third and fifth-year student retention/graduation for students enrolled in 
physics courses. This can be interpreted to mean that students should get as much preparation 
as possible in these disciplines prior to college. 
It is important to note that this variable measures only the number of semesters 
students had in a specific subject area, and does not report how much they learned or the final 
grade they achieved. A student who earned a C in a high school calculus course and a student 
who earned an A would both be classified as having one semester ofhigh school calculus. 
Bean and Eaton's (2001) psychological model, an extension of Tinto's (1993) 
Academic and Social Integration Model, suggests that students' self-efficacy, or how well 
individuals believe they can deal with a particular situation based on past experiences, will 
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dictate how they believe they will perform in future situations. In other words, students who 
believe they performed well in the past (earned a high grade in high school) are likely to 
believe they will perform well in the future (earn a high grade in college). This added 
confidence could help increase students' success in college. 
qfDwzj/êr Cra&f.? There are several potential ways a student could 
earn transfer credits. In high school, students have the opportunity to dually enroll in a local 
college and take courses for college credit. Another way students could earn transfer credit 
would be to enroll in a college and transfer to a new institution during their college careers. It 
is estimated that as many as 28% of students starting at four-year institutions transfer to other 
institutions before completing their degree (Borden, 2004). 
The number of transfer credits earned was one of the most significant predictors of 
student retention/graduation across all five years for students enrolled in biology courses. In 
other words, a student who had prior college work prior to taking an entry-level biology 
course would be more likely be retained or graduate over a five year period. 
The number of transfer credits earned, however, was not a significant predictor of 
student retention for students in chemistry, mathematics, or physics. This study did not 
address the number of total credit hours a student had earned before taking the entry-level 
courses which might have shown the numbers of students who had switched majors or 
transferred in from other colleges and were not first or second-year students. Additional 
research is needed to explore why this was a significant predictor for students in biology and 
not in the other disciplines. 
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leve/ q/"67 farficzpafzon 
In this study, SI participation was defined as attending 2 or more SI sessions for a 
single academic course. Consistent with the findings at the Center for SI at the UMKC 
(Martin et al., 1993), SI participants were retained at significantly higher rates than non-SI 
participants for every discipline across five years in this study. The second research question 
in the present study attempted to determine which independent variables best predicted 
student retention/graduation. SI participation was one of the most significant predictors of 
first-year retention/graduation for students enrolled in biology and physics courses, and it 
was also one of the most significant predictors of fourth and fifth-year retention/graduation 
for students enrolled in mathematics courses. These findings indicate that for students in 
entry-level biology and physics courses, SI participation helped them during the first year 
and after that the affect of participation was minimized. For SI participants in mathematics, 
the effect of participation apparently was prolonged until the fourth and fifth year. Additional 
research is needed to determine what factors contributed to this finding. 
As to why SI was not a significant predictor for student retention/graduation across 
all disciplines over the five years, Astin (1997) reported that "more than half of the variance 
in institutional retention rates can be attributed directly to differences in the kinds of students 
who initially enroll, rather than to any differential institutional effect" (p. 648). The 
researcher can only hypothesize that this could be due to the fact that the Fall 1999 semester 
was the first time the program was coordinated by a full-time professional staff member. The 
SI Leaders in the Fall 1999 were hired and trained by the previous graduate student 
coordinator, and in addition, many programmatic enhancements have been implemented 
since that time. Training to ensure SI adheres to the original theoretical framework is vital to 
the success of any SI program (Arendale, 1993,1994; Martin et al., 1993). Further discussion 
of the program changes are presented in the upcoming section discussing the limitations and 
recommendations for future research. 
The findings in this study emphasize that there are many contributing factors to 
student retention. Rhatigan and Schuh (2003) discuss Karl Weick's concept of "small 
wins"—a "concrete, complete, implemented outcome"—in relationship to addressing 
challenging issues in higher education (p. 18). Rather than trying to identify one solution to a 
complex issue such as student retention, they suggest attempting to solve the issue with a 
series of small solutions. As the Endings of this study demonstrate, attending each SI session 
is a "small win" for students who are enrolled in traditionally difficult academic courses. 
Students who participate in SI earn higher final course grades and are retained at 
higher rates than are non-SI participants. When a student chooses to stay, retained revenues 
in tuition funding and reductions in recruitment costs equate to more than a "small win" for 
the institution. Institutions should not view SI as a cure all for student retention, but rather 
acknowledge that SI is one of many programs that can be combined with other retention 
initiatives to help an institution increase student retention and graduation rates. 
Implications for Practice 
The results of this study suggest several implications for practice. First, this study 
contributes to the existing literature on retention and SI by elaborating on the study 
conducted by Hensen and Shelley (2003), which found that SI participants in entry-level 
biology, chemistry, mathematics, and physics earned higher final course grades regardless 
of having lower pre-entry characteristics than non-SI participants. This study also 
confirmed the research Endings at the UMKC that SI participants are retained at higher 
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rates than non-SI participants longitudinally. In addition, this study identified a variety of 
variables, including high school rank, gender, SI participation, the number of transfer 
credits, Pell Grant eligibility, and ethnicity that helped predict student retention/graduation 
for students at ISU. 
Based on these Endings, faculty and student affairs professionals should encourage 
students to participate in SI. The more students participate in the program, the more likely 
they will be to earn higher grades in traditionally difficult courses, stay at the institution, 
and earn a degree. By helping to retain students and minimizing the amount of money 
needed to recruit new ones, SI is a cost-effective measure that helps institutions retain 
tuition costs at rates that far exceed the operating costs of an SI program (Congos, 2001). 
By expanding SI program offerings to reach more traditionally difficult courses, 
institutions have an important tool to enhance student retention and success. 
Another important contribution from this study is the creation of model for evaluating 
SI programs or other academic support programs to demonstrate how the program helps 
retain students at their institution. In times of reduced resources, programs increasingly will 
be called to demonstrate their ability to contribute to the institutional mission of enhancing 
student learning, retention, and graduation. Programs that are unable to document student 
participation rates or demonstrate program outcomes may face the possibility of funding 
reductions or eventual program elimination. This study provides a model for programs to 
track their participants, measure important student outcomes, and demonstrate their ability to 
retain and graduate students. 
Arendale (1993) suggested that SI programs work best when used to target 
traditionally difficult courses or those in which students have a proven track record of 
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earning a high percentage of D, F grades or withdrawing. As Table 4.4 illustrated, the 
courses in this study were defined accurately as traditionally difficult courses and in many 
cases having lower average student retention rates than the institutional mean. Courses like 
these are the appropriate focus for SI programs. Until such time as resources become 
available to offer SI for all first-year courses, coordinators should access the final course 
grade outcomes and retention rates for students in the courses offering SI regularly, to ensure 
SI is available to students in courses with the greatest need. 
Several findings in this study have potential implications for informing institutions 
about pre-entry characteristics that serve as the best indicator of students' potential success in 
college. Specifically, for students in this study, high school rank was a good indicator of 
students' ability for success across a five-year span. ACT composite score was not found to 
be a good measure of students' retention in this study: this information should be used to 
inform institutions that they may want to use standardized admissions exams, such as the 
ACT, in conjunction with other measures, such as high school rank or high school grade 
point average. 
Another important finding in this study was the discovery of specific independent 
variables that are significant predictors of student retention. Because these variables—high 
school rank, SI participation, the number of transfer credits, Pell Grant eligibility, gender, 
ethnicity, and semesters ofhigh school calculus, chemistry, and/or physics—were found to 
be significant predictors of student retention/graduation, care should be taken to control for 
these variables when comparing various groups to determine whether or not significant 
differences existed between retention rates. The next section of this chapter discusses the 
limitations of this study and provides recommendations for further research. 
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Limitations and Recommendations for Further Research 
The findings of this current study bring to light several questions that deserve further 
consideration and inquiry. First, the researcher suggests that SI programs regularly track 
student retention as a way to measure the success of the program and document the 
program's ability to help students persist in difficult academic courses. While this study 
examined only entry-level biology, chemistry, mathematics, and physics courses, and the 
findings may not be applicable to SI programs focusing on different academic disciplines, the 
model could be used by other SI programs or academic support programs looking to evaluate 
the success of their retention initiatives. 
TfgpZfcafe afWy af ZST/ 
Specific to the program at ISU, the researcher suggests this present study be 
replicated with the fall 2000 or 2001 cohort to see if there are any changes in the outcome 
given that Fall 1999 was the first semester a full-time, professional coordinator was 
responsible for the program. It is reasonable to believe the quality of the program may have 
been enhanced due to many changes that have been implemented since 1999. The major 
changes can be classified into four main areas: (1) enhanced program evaluation, (2) leader 
training and recruitment, (3) publicity, and (4) changes in institutional characteristics. 
Four new program evaluations were implemented to receive formative and 
summative feedback from SI participants, non-SI participants, and participating faculty. A 
pretest distributed the first day of the course lecture was created to determine the best times 
to schedule the SI sessions. Not only did this create an opportunity to publicize the program, 
but it also provided information about students' interest in participating in the program. A 
new end-of-semester evaluation was created to receive feedback from participants about the 
214 
quality of the SI leader, strengths and areas for growth for the SI program, and demographic 
information about the participants. On a similar survey non-SI participants provided valuable 
information about why they did not participate in the program and how the program could 
meet their needs better. 
An on-line survey was added to the SI Website to allow students to provide feedback 
and suggestions regularly about the SI program. Finally, a faculty survey was created to 
determine faculty's perceptions of the program. The survey results were shared regularly 
with the SI leaders and program changes, and enhancements were made regularly with the 
goal of helping more students. For example, the courses offering SI and locations of SI 
sessions changed based on student feedback, allowing the program to grow in size from 
2,909 participants in 1999-2000 to 5,020 in 2003-2004. 
Leader recruitment and training also has changed considerably since the Fall 1999 
cohort participated in the program. Salaries were raised from $6.00 to $9.50 per hour to 
attract top-quality student leaders. SI leaders now complete a two-page application, 
participate in a large group and individual interview, and provide three faculty 
recommendations verifying their knowledge of the subject matter, communication skills, and 
ability to facilitate large groups of students. During the group interview, applicants view an 
SI video showing actual SI sessions and participants to ensure they understand what SI is and 
the important components that must be included for the sessions to assist students. Previously 
leaders completed a brief application, submitted the names of references, and participated in 
an individual interview. 
SI leader training also was enhanced by making attendance required and focusing on 
both course content and study skills in an interactive format based on the SI model. In 
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addition, a team approach was developed to partner seasoned leaders with new leaders for 
assistance planning SI sessions. All leaders contributed session materials and lesson plans to 
a central "resource file" that could be accessed by future leaders. This ensured that the most 
successful sessions could be replicated. 
In the last few years, ISU, like many institutions across the country, was forced to 
increase class sizes in response to increased enrollment and reduced revenue. SI responded to 
this by increasing the number of leaders to support these larger class sizes. Due to all of the 
aforementioned enhancements in the program, it is reasonable to assume these may have led 
to increased benefits for participants. 
gwa/zfy of f&e 57 
A major limitation of this study was that data were not available to report accurately 
SI participants' perceptions of the quality of the SI leader. While end-of-semester surveys ask 
students to report their satisfaction of the SI leader's knowledge of the subject matter, 
communication skills, promptness and reliability, approachability, and effectiveness in 
involving participants, the researcher suggests a question be added to ask participants to 
indicate the overall quality of the SI leader. A mean score could be reported for each leader 
and by discipline to track the quality of leaders over time and determine if leader quality 
impacts students participation, final course grades, and retention/graduation rates. 
do jo/èw jfzwfgM# j%zrfzczpofe z'/z 57? 
A review of literature regarding SI programs reveals that nationally around 30% of 
students enrolled in courses offering SI choose to participate (Arendale, 1994; Center for SI, 
2000; Hensen & Shelley, 2003). This seems in stark contrast to reports like that from Levine 
and Cureton (1998) that in 1997 that three-fourths of Deans surveyed reported increases in 
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students needing remedial and developmental assistance. Even though SI is marketed as non-
remedial assistance for all students, few students take advantage of a program reporting 
regularly that students who participate earn higher final course grades. It appears that 
additional research on help-seeking behavior is needed to understand how to reach students 
truly in need of assistance. 
Another related issue is why 496 students attended only one SI session. There are 
many unanswered questions related to why SI did not meet their needs or expectations. To 
complement the regular program assessment, an assessment should be conducted to 
determine why students did not return to SI. Potential questions for exploration include: 
Were students unclear about what SI is and how it could assist them? Did students' learning 
styles not benefit from the collaborative learning activities at SI sessions? 
jfecrwzfmg Porfzczpan# fo 57 
This study revealed that female students in biology were less likely than male 
students to be retained or graduate following the first year. Additional research is needed to 
understand fully why female students who are enrolled in entry-level biology courses may 
struggle at ISU following their first year. In addition, female students were more likely than 
male students participate in SI, as white students were more likely to participate than 
minority students. Strategies should be explored to increase the number of participants who 
are male and students of color at SI sessions. 
This study did not examine the impact for faculty of working with a course that offers 
SI for their class participants. While research has addressed this issue (Arendale, 2000) no 
research at a Doctoral Extensive Institution was found that discussed the benefits or 
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limitations for faculty or faculty perceptions of the benefits or limitations of SI for their 
students. Additional research could help faculty understand the potential benefits of SI for 
themselves and their students, and encourage the expansion of SI programs to assist faculty 
with achieving their course outcomes. 
Mbfmzfzon aW 
A lingering question after reviewing the SI literature is if more motivated students are 
more likely to participate in SI, are we targeting the students who need the most assistance? 
Tinto's (1993) research on retention suggests that a wide variety of factors affect students' 
decision to leave college. Many of these fiactors are related to academic performance, but 
many seem to be related to psychological factors, as suggested by Bean and Eaton (2001). 
Visor, Johnson, and Cole (1992) investigated non-cognitive fiactors such as locus of control, 
self-efBcacy, and self-esteem, and reported that regular SI participants were different 
affectively than occasional participants and non-SI participants. Additional research is 
needed in this area to help us identify strategies to attract the students in need of the most 
assistance to SI. 
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Conclusion 
This study tracked students over a five-year period who were enrolled in entry-level 
biology, chemistry, mathematics, and physics courses offering SI in the Fall 1999 to see if 
they were retained or graduated at ISU, and identified which predictor variables 
(demographic, achievement, and level of SI participation) most significantly predicted 
student retention or graduation. Results indicated that SI participants are retained at 
significantly higher rates than non-SI participants, while having lower mean ACT composite 
scores and fewer semesters of high school preparation, in calculus, chemistry, and physics. 
The most significant predictor of student retention/graduation was high school rank. Other 
predictors for the various disciplines across the five-year period included the number of SI 
sessions attended, gender, number of transfer credits, Pell Grant eligibility, and ethnicity. 
The results of this study, in addition to making a significant contribution to literature 
on retention and SI, also have implications for institutional practice. In this era of 
accountability, budget shortfalls, and competition for students, SI can be an important tool to 
help increase institutional retention and graduation rates. This study provides a model for 
evaluating SI programs or other academic support programs to demonstrate how the program 
helps retain students. The findings also may be used to inform institutional leaders, 
policymakers, and the public about how SI is a useful tool to retain students and encourage 
the expansion of SI programs to meet the needs of additional learners. To restate Beal and 
Noel's (1985) quote from the beginning of this chapter, while we do not have all the answers 
about student retention, "improved retention is possible" and programs, like SI, can be 
designed to help students overcome the multiple factors that impede retention and degree 
attainment. 
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.. .the secret of successful retention programs is no secret at all, but a reaffirmation of 
some of the important foundations of higher education. There is no great secret to 
successful retention programs, no mystery which requires unraveling. Though 
successful retention programming does require some skill and not an inconsiderable 
amount of effort, it does not require sophisticated machinery. It is within reach of all 
institutions if they only give serious attention to the character of their educational 
mission and the obligation is entails. In short, successful retention is no more than, 
but certainly no less than, successful education (Tinto, 1990, p. 47). 
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APPENDIX A. 
VARIABLE DEFINITIONS 
Variable Name Definition Scale 
Gender Student gender based on institutional 
(GENDER) information. 
Ethnicity Ethnicity categories provided by 
(ETHNIC) institutional data. 
0 = Female 
1 =Male 
1 = American Indian or 
Alaskan Native 
2 = Black (Not Hispanic) 
3 = White (Not Hispanic) 
4 = Asian or Pacific 
Islander 
6 = Hispanic (Spanish 
American) 
8 = Prefer not to indicate 
Ethnicity 
(ETHNIC2) 
Citizenship 
(CITIZEN) 
First 
generation 
status 
(FIRSTGEN) 
Ethnicity categories provided by 
institutional data. 
US or non-US citizen, as defined by 
institutional definitions and data provided 
Iowa State University uses the federal 
government's definition of first generation 
college student to mean a student whose 
parents had no education beyond high 
1 = White (Not Hispanic) 
2 = Not White 
* Those who preferred not 
to indicate were recoded to 
system missing. 
1 = Immigrant 
2 = Non-resident alien 
3 = US citizen 
1 = Yes 
0 = No 
pdf 
2ov/nubs2001/2001 
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High school 
rank 
(HSRANK) 
ACT 
composite 
score 
(ACT) 
High school 
credits earned 
in calculus 
(HSCALC) 
High School 
credits earned 
in chemistry 
(HSCHEM) 
High school 
credits earned 
in physics 
(HSPHY) 
High school rank is a percentile ranking Continuous 
within the student's high school graduating 
class, with 99 highest and 1 lowest. High 
school rank can be interpreted as the percent 
of students who achieved grade point 
averages equal to or below the grade point 
average achieved by the ISU student. Scores 
of 90-99 indicate the top 10% of the high 
school class. Most ISU students are in the 
top half of the class, so most scores range 
from 50-99. 
http://www.iastate.edu/-inst res infh/handh 
ook/norms.pdf 
The ACT assessment has four parts: Continuous 
English, mathematics, reading, and science. 
The scores on any of the parts range from 1-
36. The mean score for ISU students 
entering in 1999-2000 was 27.0 
http://www.iastate.edu/-inst_res_infb/PDFS 
les/1999-2000%20Student%20ProGle.pdf 
"The ACT composite score is the average of 
the four tests scores earned on a single test 
administration, rounded to the nearest tenth 
number." 
ACT Assessment Information System: 
http ://www. act. org/ aap/infbsys/ scores.html 
The number of semesters a student was Continuous 
enrolled in high school calculus courses. 
The number of semesters a student was Continuous 
enrolled in high school chemistry courses. 
The number of semesters a student was Continuous 
enrolled in high school physics courses. 
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SI participation 
(SIP ART) 
Student attended two or more SI sessions 
(SI participant) or student attended one or 
no SI sessions (non-SI participant). 
Total number Total number of SI sessions a student 
of SI sessions attended for one course offering SI. 
attended (TAT) 
Retention Reenrollment at Iowa State University from 
(RETENT) one consecutive year to the next (fall to fall 
semester). Retention rates will be calculated 
for each year in the study based on student's 
enrollment as of the 10^ day of classes. 
Dichotomous, dependent variable in this 
study. 
Learning Learning communities are small groups of 
community students who may take one-three courses 
participation together and may live together in the same 
(LC) residence hall. Learning communities at 
Iowa State University may be organized by 
academic major, special topics, or be 
interdisciplinary. Participants may choose to 
participate in study groups, career 
exploration activities, service-learning, 
community service, and/or social activities. 
www.iastate.edu/-leamcommunity/whatis.h 
tml 
1 = SI participant (2 or 
more sessions) 
2 = Non-SI participant 
Continuous standardized 
score 
0 = Not retained 
1 = Retained 
0 = No learning 
community participation 
1 = Learning community 
participation 
Pell Grant Pell Grant is a federally funded grant 0 = Not Pell Grant eligible 
Eligibility program providing financial assistance to 1 = Pell Grant eligible 
(PELL) those students with demonstrated need. 
Need is calculated by subtracting the 
expected amount of family contribution 
from the cost of attendance. The Federal 
Government determines eligibility amounts 
annually. In the 1999-2000 academic year 
the maximum Pell Grant award was $3,215. 
www.ed.gov/prog_infb/SFA/studentguide/2 
000-1/pell.html 
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APPENDIX B. 
SI ATTENDANCE SHEET 
DATE 
LOCATION 
LEADER, 
CLASS 
Your Student ID # is the middle 9 numbers on your ISU Card. If you do not have your card 
with you, feel free to write down your SS#. All information will be kept confidential. 
PLEASE PRINT INFORMATION NEATLY-Thank you! 
1. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
2. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
3. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek 08-Campus Learning Team: 
4. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
5. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
6. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
7. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
8. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
9. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
10. NAME: Student ID#: 
Circle one: UDA RCA TRA HC Greek Off-Campus Learning Team: 
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APPENDIX C. 
CROSSTABULATION TABLES OF DICHOTOMOUS VARIABLES 
Table 4.27. Gender Crosstabulation Table 
Retention/ 
Graduation 
Fall 2000 
Yes 
No 
Biology Chemistry 
Female 
N % 
Male 
N % 
Female Male 
N % N % 
Mathematics 
Female Male 
N % N % 
Physics 
Female Male 
N % N % 
560 84% 348 83% 405 90% 578 88% 
111 16% 74 17% 45 10% 81 12% 
173 91% 348 85% 
18 9% 60 15% 
70 92% 279 86% 
6 8% 47 14% 
Fall 2001 
Yes 
No 
503 75% 335 77% 376 84% 549 83% 157 82% 319 78% 
168 25% 87 23% 74 16% 110 17% 34 18% 89 22% 
71 93% 255 78% 
5 7% 71 22% 
Fall 2002 
Yes 
No 
491 77% 324 73% 491 73% 324 77% 154 81% 303 74% 70 92% 255 78% 
180 23% 98 27% 180 27% 98 23% 137 19% 105 26% 6 8% 71 22% 
Fall 2003 
Yes 485 72% 319 76% 369 82% 517 79% 154 81% 287 70% 70 92% 246 76% 
No 186 28% 103 24% 81 18% 142 21% 37 19% 121 30% 6 8% 80 24% 
Fall 2004 
Yes 485 72% 319 76% 369 82% 518 79% 153 80% 288 71% 70 92% 250 77% 
No 186 28% 103 24% 81 18% 141 21% 38 20% 120 29% 6 8% 76 23% 
Table 4.28. Ethnie Minority (ETHNIC2) Status Crosstabulation Table 
Retention/ 
Graduation 
Fall 2000 
Yes 
No 
Fall 2001 
Yes 
No 
Fall 2002 
Yes 
No 
Fall 2003 
Yes 
No 
Biology Chemistry Mathematics Physics 
Minority 
N % 
Non 
N % 
Minority 
N % 
Non 
N % 
Minority 
N % 
Non 
N % 
Minority 
N % 
Non 
N % 
64 79% 8)1 83% 60 87% 881 89% 42 88% 462 88% 23 
17 21% 164 16% 9 13% 112 11% 6 12% 63 12% 4 
85% 307 87% 
15% 45 13% 
55 68% 754 77% 56 81% 833 84% 33 83% 488 87% 19 70% 288 82% 
26 32% 221 23% 13 19% 160 16% 7 17% 71 13% 8 30% 64 18% 
53 65% 733 75% 56 81% 811 82% 36 75% 425 81% 21 78% 285 81% 
28 35% 242 25% 13 19% 182 18% 12 25% 100 19% 6 22% 67 19% 
51 63% 725 74% 52 75% 800 81% 31 65% 498 76% 
30 37% 250 26% 17 25% 193 19% 17 35% 127 24% 
19 70% 
30% 
281 
71 
80% 
20% 
Fall 2004 
Yes 51 63% 725 74% 52 75% 801 80% 30 63% 398 76% 19 70% 286 81% 
No 30 37% 250 26% 17 25% 192 20% 18 37% 127 24% 8 30% 66 19% 
Table 4.29. First Generation Status Crosstabulation Table 
Retention/ 
Graduation 
Fall 2000 
Yes 
No 
Fall 2001 
Yes 
No 
Biology Chemistry Mathematics 
First 
Generation 
N % 
Non 
N % 
First 
Generation 
N % 
Non 
N % 
First 
Generation 
N % 
Non 
N % 
61 81% 847 83% 57 86% 926 88% 
14 18% 172 17% 9 14% 121 12% 
33 83% 488 
7 17% 71 
Physics 
First Non 
Generation 
N % N % 
56 75% 782 77% 60 91% 865 83% 29 73% 447 80% 24 
19 25% 237 23% 6 9% 182 17% 11 27% 112 20% 5 
87% 25 86% 324 87% 
13% 4 14% 49 13% 
83% 302 81% 
17% 71 19% 
Fall 2002 
Yes 
No 
57 76% 758 74% 56 85% 848 81% 30 75% 427 76% 25 
18 24% 261 26% 10 15% 199 19% 10 25% 132 24% 4 
86% 300 80% 
14% 73 20% 
Fall 2003 
Yes 
No 
55 73% 749 74% 52 79% 834 80% 29 73% 412 74% 23 79% 293 79% 
20 27% 270 26% 14 21% 213 20% 11 27% 147 26% 6 21% 80 21% 
Fall 2004 
Yes 52 69% 752 74% 51 77% 836 80% 30 75% 411 74% 24 83% 296 79% 
No 23 31% 267 26% 15 23% 211 20% 10 25% 148 26% 5 17% 77 21% 
Table 4.30. Learning Community Status Crosstabulation Table 
Retention/ 
Graduation 
Biology Chemistry Mathematics Physics 
Pall 2000 
Yes 
No 
Learning 
Community 
N % 
Non 
N % 
Learning 
Community 
N % 
Non 
N % 
Learning 
Community 
N % 
Non 
N % 
Learning 
Community 
N % 
Non 
N % 
800 86% 108 82% 122 89% 861 85% 44 86% 477 83% 4 80% 345 86% 
17 14% 800 18% 15 11% 150 15% 7 14% 96 17% 1 20% 58 14% 
Fall 2001 
Yes 
No 
91 73% 747 76% 107 78% 818 81% 40 78% 436 76% 5 100% 321 80% 
34 27% 234 24% 30 22% 193 19% 11 22% 137 24% 0 - 82 20% 
Fall 2002 
Yes 
No 
90 72% 725 74% 109 80% 795 79% 39 77% 418 73% 4 
35 28% 256 26% 28 20% 216 21% 12 23% 155 27% 1 
80% 321 80% 
20% 82 20% 
Fall 2003 
Yes 
No 
89 71% 715 73% 106 77% 780 77% 38 75% 403 70% 4 
36 29% 266 27% 31 23% 231 23% 13 25% 170 30% 1 
80% 312 77% 
20% 91 23% 
Fall 2004 
Yes 92 74% 712 73% 106 77% 781 77% 39 77% 402 70% 3 
No 33 26% 269 27% 31 23% 230 23% 12 23% 171 30% 2 
60% 317 79% 
40% 86 21% 
Table 4.31. Pell Grant Eligibility Status Crosstabulation Table 
Retention/ 
Graduation 
Biology Chemistry Mathematics Physics 
Fall 2000 
Yes 
No 
Pell Grant 
Eligibility 
N % 
Non 
N % 
Pell Grant 
Eligibility 
N % 
Non Pell Grant Non 
Eligibility 
N % N % N % 
Pell Grant Non 
Eligibility 
N % N % 
229 83% 679 82% 203 86% 780 85% 106 85% 415 83% 63 80% 286 87% 
46 17% 152 18% 32 14% 133 15% 19 15% 84 17% 16 20% 43 23% 
Fall 2001 
Yes 
No 
213 77% 625 75% 187 80% 738 81% 95 76% 381 76% 57 72% 269 82% 
62 23% 206 25% 48 20% 175 19% 30 24% 118 24% 22 28% 60 18% 
Fall 2002 
Yes 
No 
210 76% 605 73% 181 77% 723 79% 95 76% 362 73% 57 72% 268 82% 
65 24% 226 27% 54 23% 190 21% 30 24% 137 27% 22 28% 61 18% 
Fall 2003 
Yes 204 74% 600 72% 172 73% 714 78% 88 70% 353 71% 57 72% 259 79% 
No 71 26% 231 28% 63 27% 199 22% 37 30% 146 29% 22 28% 70 21% 
Fall 2004 
Yes 206 75% 598 72% 173 73% 714 78% 89 71% 352 71% 57 72% 263 80% 
No 69 25% 233 28% 62 27% 199 22% 36 29% 147 29% 22 28% 66 20% 
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